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Section 1. — GENERAL 

A. IMPORTANCE OF RANGE-TAKING 

1. Machine guns cannot obtain fire effect at long ranges, neither 
can the safety of our troops be assured when fire is over their 
heads unless the range is accurately known. 

2. Ranges for machine gun purposes may be obtained either by 
range-finder or from a map of a scale not less than 1/50,000, but 
as it is frequently difficult to identify the exact position of guns, 
target and own troops, the range-finder is likely to be the normal 
method used up to ranges of about 2,800 yards. At ranges beyond 
2,800 yards map shooting methods of range calculation are 
preferable. 

3. The allowance made in machine gun fire control and safety 
rules to cover errors in range is 2| per cent per 1,000 yards (eg, 
3 per cent at 1,200 yards). This maximum error, which might be 
made by trained range-takers under service conditions, is 25r 2 in 
terms of range-taking. To determine what this figure represents 
at any range see the table for values of r 2 in Appendix D. 

4. When used in the 3-inch mortar platoon, time and ammunition 
may be saved if the true range to the target is known. 

B. TRAINING 

5. Instructors will be trained on a range-finding course at the 
School of Infantry, Heavy Weapons Wing, Netheravon, or equiva¬ 
lent school in overseas commands. They should be trained to a fair 
standard of efficiency in their units before attending these courses ; 
it is an advantage if they have at some time been trained range- 
takers. 

6. A trained range-taker loses his accuracy very quickly, if 
not kept- in practice. This can be regained, quite easily when 
training is resumed, but while out of practice he cannot expect 
to obtain accurate ranges. 
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7. Men selected for training as range-takers should have the 
following qualifications :— 

i. Good and normal eyesight. 

ii. An elementary knowledge of mathematics. 

Although possessing these qualifications, some men will never 
become good range-takers ; therefore the number of men in a class 
at the start should exceed the number of fully trained men required. 

8. A medical eye-test is advisable before training begins. A man 
who wears spectacles to correct short or long vision, need not wear 
them when taking ranges, as the focusing lever on the instrument 
will make the same correction for his eyes as his spectacles. Men 
suffering from astigmatism should not be selected for training. 

9. Men for training as range-takers with the 3-inch mortar platoon 
in infantry battalions should also be selected as above. In addition 
they should be suitable to assist as wireless operators, and 
accompany mobile fire controllers in their field duties. 

10. Each stage in training should be introduced by one or more 
simple lectures by an officer, after which instruction should be 
continued by an NCO. In the early stages during practical instruc¬ 
tion, men should be grouped in pairs, using the same instrument 
throughout training. They assist each other when taking ranges, 
one man acting as a checker of the range as seen from the front 
range scale window. 

11. The range-taker should be shown by correct diagrams and 
pictures what he should see in the field of view, and coached by the 
instructor in what he has to do to produce it. Instructors should 
have a working knowledge of the theory. 

12. If suitable men are chosen for training they should be able 
to take accurate ranges after about three weeks’ continuous training. 
A fourth week will be required to teach and practise them in range- 
taker’s duties in the field. 

13. Throughout training, the last period in the day’s work should 
be devoted to completing accuracy charts, analysing faults, and 
revising previous work. 

14. Every man should be issued with an exercise book, preferably 
one with squared paper to aid neatness of recording. In this book 
he should be coached to record in a neat method his daily series 
of readings. His range record book should be headed and kept as 
in the following specimen :— 

Da *e .. ... 17th May, 1945. 

Temperature.Warm. 

Visibility .Bright. 

Setting used .R 2.4 

0 *>ject.Bush (2). 
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1700 


1745 

True range 1762 

1695 

MOR 1722 

1715 

MD -40 

1725 


1765 

r*=l -8x1 -8=3-2 

1755 


1705 

\p_ ~_ 

1700 

r* — 3-2 

1715 

AF—— 13r® 

17220 



MOR=1722. 



C.—SYLLABUS OF TRAINING 

15. The syllabus gives in four stages the subjects required to be 
taught and practised in the sequence in which training should be 
given. Lessons are given in periods of about 45 minutes' duration, 
so that this syllabus can be used as the basis of a three week or four 
week programme to suit unit requirements. The periods allotted 
to taking ranges in each stage are necessary for increasing accuracy 
and skill in the use of the instrument in the field. The number 
of periods in each stage is considered to be the average which will 
be required. They may be varied according to the progress of the 
class. 

Suggested machine gun battalion range-taking course 


(98 periods) 

Subject Periods 

1st Stage. About four days 

General description : Packing and unpacking 

(Lessons 1 and 3) . 2 

Elementary theory—Lecture (Lesson 2) ... 1 

Care and cleaning (Lesson 4). 1 

Setting up and focusing (Lesson 5) ... ... 1 

Coincidence and scale reading (Lesson 6) ... 2 

Halving adjustment (Lesson 7) ... ... 1 

Accuracy calculation (Lesson 8)—Lecture and 

Practical . ... 3 

CA scale adjustment (Lesson 9) . 1 

Accuracy charts (Lesson 14)—Lecture ^ ... 1 

Consistency (Lesson 10)—Lecture and practical 2 
Range-cards (Lesson 16)—Lecture and practical 4 
Revision and charting progress... ... ... 4 

Range-taking in 1st stage . 5 


28 
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Subject Periods 

2nd Stage. About three days 

Difficult targets and conditions (Lesson 17) ... 3 

Range-takers note-book (Lesson 15)—Lecture 

and practical. 1 

Known range-adjustment (Lesson 11)— 

Lecture and practical 2 


Natural infinity adjustment (Lesson 12)— 
Lecture and practical . 

Artificial infinity (Lesson 13)—Lecture and 

practical . 

Revision and charting progress 
Range-taking in 2nd stage . 




by day 
2 by 

night 


2 

4 

6 


21 


3rd Stage. About three days 

Field duties (Lesson 19)—Lecture and practice 4 
Concealment and camouflage with field duties 2 
Observation of fire—Lecture and practice ... 3 

Instrument tests (Appendix A) . 3 

Test of elementary training (Section 3) ... 3 

Range-taking in 3rd stage . 6 


21 


4th Stage. About four days 

Field duties (Lesson 19)—Further practice ... 
Range-takers classification test—Practice 

(Section 3) . 

Taking ranges—Moving targets . 

Natural and artificial infinity—Further prac¬ 
tice . 

Range-takers classification test (Section 3) ... 
Use of cover and positions 

Taking ranges to complete 4th stage. 

Examination and test of instrument (Appen¬ 
dix B) . 


2 


3 
2 

4 (2 by night) 
3 

2 

10 

2 


28 
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Section 2 —INSTRUCTIONAL LESSONS 


LESSON 1.—GENERAL DESCRIPTION OF THE RANGE¬ 
FINDER 

(Plates 3, 4, 5, 6, 7) 


Instructor s Notes 


Stores :—Range finding instrument, case and canvas cover. An 
indoor period, on squad tables. Each man under instruction should 
have an instrument, or one between two. The instructor will 
introduce the instrument naming the. parts, with the squad identifying 
at the same time. 


1. The instrument is officially known as the Infantry Range¬ 
finder No. 12, Mark 7. This is the latest service instrument. 
Details of earlier types of instruments which differ in minor details 
only will be found in Appendix G. 

2. The range-finder consists of two principal parts—the outer 
or main tube with the external arrangements as shown in Plates 3 
and 4 and the inner frame containing most of the internal arrange¬ 
ments. Details of the internal arrangements are not taught to 
either instructors or range-takers, but for those interested in¬ 
formation can be obtained from the Handbook of the Range-finder 
No. 12, 1933. 

3. In order to enable the instrument to withstand damage to the 
delicate mechanism due to handling on active service conditions, 
the mechanism is mounted in an inner frame, with no rigid con¬ 
nection between it and the other tube. When the instrument is 
carried in its case on mechanical vehicles, it should stand up to the 
jolting of the vehicle without damage or loss of adjustment. 

4. The names of the external parts of the instrument are given 
in Plates 3 and 4 and are described in this paragraph. 

The following information in relation to the Mark 7 Instrument 
and the Mark 3 stand will also be useful:— 


Base length of instrument 
Weight of range-finder 
Weight of wooden case 
Weight of canvas cover 

Weight of stand . 

Magnification of right eyepiece 
Magnification of left eyepiece 


80 cm (approx 31 \ ins). 
121b. 

15-17 lb. 

4£ lb. 

3f-4 lb. 

About 14 diameters. 
About 3 diameters. 


Dimensions of field of view —(see Plates 1 and 2). 

Width of field of view . About 3 degrees. 

Height of upper field of view ... About f degree. 

Height of lower field of view ... About 1J degrees. 
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Outer tube (1). —The body of the range-finder consists of a steel 
tube about 34 inches long and 2\ inches in diameter. This tube is 
covered with canvas and painted service green. The canvas tends 
to minimize distortion due to local heating by the sun. 

Carrier Plate (2).—A carrier encircles the outer tube near 
the centre. It affords a means of attaching the range-finder to 
the stand and is fitted with bearing rings in which the range¬ 
finder can be rotated in such a manner that the line of sight is 
raised or lowered. 

Eyepieces (3).—At the centre of the tube are the two eyepieces 
which are surrounded by a detachable sorbo rubber facepiece (4). 
They are inclined downwards at an angle of 60 degrees to the 
horizontal, for the convenience of the range-taker. The left eye¬ 
piece is the one through which the range scale is seen. As the lens 
in it gives but a slight magnification no focusing arrangement is 
required. The right eyepiece is the one through which is seen the 
object to which the range is to be taken. It is focused by means 
of the small focusing lever (5). Behind the right eyepiece is a 
milled head (6) for operating the moderating glasses for use in 
taking ranges in hazy or very bright weather. The glasses, which 
are coloured green, yellow and grey, slide under the lens of the 
right eyepiece as required. 

Front range scale window (7). —Above the left eyepiece in 
front of the facepiece is the front range scale window, for illuminating 
the range scale. It has a hinged metal cover to protect it. 

Handles (8).— Beneath the range-finder, and to the right and 
left of the eyepieces are the two folding handles by means of 
which the range-finder is rotated when fixed to the stand, or held 
when no stand is used. 

Working head (9).—Near the right handle, underneath the tube 
is the working head by the rotation of which coincidence is made. 
Its position has been so arranged that it can conveniently be 
revolved by the thumb and forefinger of the right hand, while the 
remainder of the hand grips the handle. 

Astigmatizer lever (10). —Near the left handle is the astig- 
matizer lever. When the lever is pushed up towards the main 
tube, the astigmatizers are brought into action. 

Tube ends (11).—The ends of the outer tube are formed of 
hollow block castings slightly larger in diameter than the rest of the 
tube. Circular openings are cut in the front of these castings and 
are fitted with glass windows. The left block casting cairies the 
coincidence adjusting head (12). It consists of a milled head, 
which when revolved moves the coincidence adjusting scale past 
a fixed pointer, and rotates the coincidence adjusting prism in 
the left window. It has a rotating shutter for protection when 
not in use. 
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Ray shades (13). —The glass windows are protected by metal 
ray shades. The base of the left shade fits round a movable 
graduated scale, the coincidence adjusting scale, which can be 
seen in the window. There is a fixed pointer on the inside of the 
ray shade which indicates settings on the scale. 


Coincidence adjusting prism (14). —The left window consists 
of a deflecting prism of small angle to provide a means for the 
correction of errors in coincidence adjustment. For this purpose 
it is mounted in a ring which can be rotated by the coincidence 
adjusting head. 


Halving adjusting head (15).— This is carried on the under 
side of the left block casting and consists of a milled head with a 
rotating shutter. -The halving head is geared with the left pentago¬ 
nal prism in such a way that when it is turned the prism is rotated 
very slightly on its axis. 


End caps (16). —The end caps made of gun metal screw on to 
the tube ends. Each is fitted with a circular rubber pad on the 
rims. The centre has a bar fitting for the carrying strap, and 
it also secures the rubber end caps. 


Rubber protecting caps (17).— These are fitted over each 
window for protection when the instrument is not in use and are 
attached to the tube by leather thongs. 


Stands, instrument No. 14, Mark 3 (18).— The stand consists 
of three telescopic legs hinged to a socket, permitting the stand 
to be adjusted for height. The socket is fitted with an extension 
tube (19) which permits of adjustment of the instrument for 
height, without disturbing the position of the stand, the whole 
being clamped at the desired height by means of a clamping screw. 
A pivot to which the carrier of the range-finder is attached is 
supported in a bearing secured internally to the upper end of the 
extension tube, and permits the range-finder to be traversed in 
a horizontal plane. 


Case No. 12, range-finder, Mark 4. —The case (Plate 5) is 
of wood, and is provided with internal fittings to hold the range¬ 
finder. A metal adjusting lath (1) is secured to the inside 
of the lid, by means of four screws at the centre. Four end screws 
are screwed into the case through elongated slots in the lath, 
so as to allow for expansion of the metal. These end screws should 
never be screwed tight home. The lath has two white lines exactly 
80 centimetres apart. These are used for testing the coincidence 
adjustment of the range-finder on artificial infinity. (See 

Lesson 13). 


A supporting rod (2) is fitted to the lid of the case to keep the 
lid in a vertical position while adjusting the range-finder by means 
of the lath. The supporting rod is held in position by a plunger (3) 
and is drawn within the case when not in use. 
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Cover, No. 12 range-finder, Mark 4.— The Mark 4 cover 
(Plate 6) is of canvas web fitted with a sling for carrying. It is 
well padded internally with felt, the pads being covered with 
canvas as a protection against moth. A hole is cut in each felt 
pad to receive a pocket, in which cleaning materials and a note book 
can be carried. A bucket is sewn to the exterior of the cover, to 
accommodate the Mark 3 stand. The cover is fastened by means 
of straps, tabs and studs. 


LESSON 2. THEORY 
(Figs 1, 2, 3) 

Instructor's Note 

This lesson should he given as a lecture by an officer or competent 
NCO dnd should follow Lesson 1 —"General description. 

1. The range-finder measures an angle. This is the angle 
subtended by the base length of the instrument at the object. 
As the base length is small compared with the range, the angle 
measured is very small, the largest angle measured being about 
12 minutes, which is at the shortest range marked on the range 
scale—250 yards. 

The instrument is so constructed that rays of light from an 
object enter the left window at right angles to the base of the 
instrument, and those entering the right window leave the object 
at an angle. When coincidence^ made, the measurement of this 
apex angle gives the range, wh’ich will be indicated in yards oh 
the range scale. Figs 2 and 3 show the range scale reading 600 yards. 
The apex angle varies according to the range. (Fig 1.) 

2. In every coincidence there is a small error, and to obtain a 
reliable range it is necessary to take a series of readings and find 
the mean, by which means the individual coincidences will to a 
large extent average out. The mean of ten readings is used 
normally and even for quick work, the mean of less than four 
readings must never be accepted as a range. 

3. Any error in determining a coincidence will be an error in 
the angular measurement. The same angular error in yards increases 
as the square of the range. 

As an example, let us say that a range-taker in taking a range 
to an object which is 500 yards distant makes a constant error of 
10 seconds. 

At 500 yards this 10 second error is equal to 13-9 yards. 

At 1,000 yards this 10 second error is equal to 55*6 vards 
(13-9x4). 

At 1,500 yards this 10 second error is equal to 125 vards 
(13-9x9). 

Here we see that although the range increases by twice and 
three times, the increase of error is in the ratio of four times the 
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original error in the case of 1,000 yards and nine times the original 
error at 1,500 yards. For this reason we say that this angular error, 
expressed in yards, increases in ratio as the square of the range. 

4. Thus, the standard set by which range-takers' results are to 
be judged must be in terms of the square of the range. The basis 



Fig 1 Fig 3 


The instrument measures the Range scale as seen through 
apex angle, but records it as a front range scale window, 
range on the range scale. The 
apex angle varies according to 
the range. 

























of calculation is r 2 where r is the true range in thousands of yards 
to one decimal place. 

eg , In a range of 1730 r = 1*7 yards and r 2 = 2*9 yards. 

In a range of 2340 r = 2-3 yards and r 2 = 5-3 yards. 

5. Errors in adjustment of the range-finder due to variations in 
light and temperature are unavoidable. To give the best results, 
the instrument must be adjusted under the same conditions as 
will exist when taking ranges. The trained range-taker should 
be able to judge the conditions and put a suitable setting on his 
instrument. 

6. The range-finder gives different readings when coincidence is 
made in different parts of the field of view, and the centre of the 
field of view must therefore always be used, as the focal power of 
the lenses is greatest, when coincidence is made in the centre. 


LESSON 3.—PACKING AND UNPACKING 
(Plates 5, 6 and 7) 

Instructor s Notes 

Stores required.—The range-finder in its case and the canvas cover. 
The squad work singly or in pairs. The instructor should make the 
squad imitate his actions with their own cases and covers , subsequent 
practice being continued as found necessary. 

1. To transfer the instrument from case to cover.—When 
opening the case, if the lid is very tight, the catch should be pressed 
and the lid given a slight jar upwards and to the rear with the palm 
of the hand. If the case has the hook and eye clasp it may be 
necessary to prise the hook with a blunt surface. 

The position of the instrument in the case should be memorized 
and the difference between the lid and the bottom of the case noted 
(Plate 5). 

The instrument is taken out of the case and laid in the cover, 
with the carrier inside the leather pad to prevent it from tearing 
holes in the cover (Plate 6). 

The cover is closed and all straps and buttons fastened, the stand 
being carried in the bucket on the cover (Plate 7). 

2. Packing the instrument in the case.—The carrier of the 
instrument must be as near the range scale window as possible, the 
handles towards the front of the case, and the right of the instru¬ 
ment on the right of the case (Plate 5). The case should be closed 
gently without force. Should it fail to close any of the following 
may be the cause :— 

(a) The instrument laid in the case the wrong way round. 

(b) The carrier plate misplaced, the sling under the instrument, 

or twisted at the end caps. 


(c) The felt pads at the end of the case rucked. 

(d) The end windows not closed. (Mark 3 only.) 

3. Always ensure when carrying the instrument in its case that 
the straps round the case are fastened. 

LESSON 4.—CARE AND CLEANING 
Instructor 7 s Notes 

Stores required.—Instrument mounted on its stand. Clean pieces 
of flannelette. An instrument to each person or one between two. 
The instructor demonstrates the method of cleaning the glasses. 

1. Although the range-finder is designed to withstand service 
conditions, it is necessary to guard against excessive jolting such as 
might occur if the instrument were dropped. Such treatment may 
cause loss of adjustment or even breakage. The range-finder should 
always be in its case when in transport, and should be placed away 
from the engine, as excessive heat will disturb the adjustment of 
the instrument. When carried on service the instrument should 
be in its canvas cover. 

2. It is important that the range-finder be protected from damp. 
If used in the rain, it must be wiped dry before replacement in its 
case or cover. If necessary it should be left on its stand, indoors, 
to dry. 

3. The windows and eyepieces must be kept clean, and should 
be covered except for actual range-taking. No oil or grease must 
be allowed to get on them and they should never be touched by the 
hands. To clean the glass surfaces, use a clean piece of soft linen, 
silk, or tissue ; failing this, a clean piece of dry flannelette may be 
used. The glass must be rubbed firmly in one direction only, with 
a fresh piece of cloth for each stroke to avoid scratching the surface 
with grit already collected. 

4. External metal surfaces should be cleaned with a dry cloth. 
Parts from which the paint or browning has worn may be wiped 
over with a slightly oiled rag before cleaning. A feather may be 
used for the crevices. Abrasives or metal polish must not be used. 

5. The rubber facepiece should be removed periodically and 
washed in warm water, care being taken that it is thoroughly dried 
before replacing on the instrument. 

6. In the case of a gas attack the instrument should be covered 
up, preferably in its case or cover, and afterwards the external 
parts should be cleaned. A contaminated instrument should be 
washed carefully with petrol or paraffin, care being taken that no 
liquid penetrates inside. Bleach paste must not be used. If it is 
thought that gas has penetrated the inside of the instrument, it 
should be returned to REME Workshops, with a label stating the 
nature of the gas used. 
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LESSON 5.—SETTING UP AND FOCUSING 
Instructor s Notes 

Stores required.—Instruments in the canvas cover. (An outdoor 
period.) The instructor will explain, demonstrate the lesson and 
practise the squad. 

1. The instrument will be removed from its cover, and mounted 
on its stand facing the required direction. The eyepieces and 
windows will be uncovered. The handles will be pulled down and 
the astigmatizer lever pressed down. 

2. The coincidence adjusting scale (Fig 10, page 22) will be 
placed at the required setting by turning the coincidence adjusting 
head. 

3. The instrument must be mounted in such a way that the view 
to the front is unobstructed, and the range-taker can assume a 
comfortable and steady position behind his instrument. The range- 
taker’s position should normally be lying down. When mounted 
on a vehicle, trench parapet, or bank, the most convenient position 
will be adopted. 

The instrument must be held by the handles, the elbows being 
rested, and the forehead resting lightly on the rubber facepiece. 
When an anti-gas respirator is worn the rubber facepiece of the 
instrument will be temporarily removed. 

4. The instrument will be focused in the following way :— 

The eyes will be rested for a short time on a distant object, and 
then placed to the eyepieces. The focusing lever will be moved 
until the dividing line appears to be as thin and clear as possible 
against the sky. If this lever is moved correctly, all objects in the 
field of view will appear sharp and clear (except those at very short 
ranges) and by accustoming the eye to a distant object before 
focusing, the focus will be such as to keep the eye at rest while 
taking ranges. 

The instrument should never be directed at the sun, as both the 
instrument and the man’s eyesight will suffer. 

5. The procedure in para 1 will be reversed when replacing the 
instrument in the cover. 

LESSON 6.—MAKING A COINCIDENCE AND SCALE 

READING 
(Figs 4, 5 and 6) 

Instructor s Notes 

Stores required.—As for Lesson 5. 

This lesson should be preceded by a short lecture, explaining by 
diagram, correct and incorrect coincidences. Lay stress on the impor¬ 
tance of making a coincidence in the centre of the field of view. Check 
any tendency to slow and deliberate making of coincidences. Insist 
that any coincidence that is “ brought back ” is cancelled as this will 
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PLATE 1 


# • 


# m 



View of landscape in which object (T) lies. 
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PLATE 2 



Coincidence of object T in landscape, Plate 1, as seen in the 
field of view. 

Note. —The house below the subject can be used as an aid to 
picking up the object in the field of view. 
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break the sequence of coincidences from alternate sides. The instructor 
will check that the man has the correct setting on his C A scale for that 
particular day. In the first period in this lesson with recruit range- 
takers this will be zero. For subsequent days the instructor will 
assist men to calculate their adjustment. Ensure that instruments are 
correct for halving. Easy straight lined objects will be used for this 
lesson. 

Making a coincidence 

1. A coincidence is the same part of the object in the upper and 
lower fields of view touching the dividing line at the same point. 
(Plate 2 and Fig 4.) 

2. The range-finder will be turned until it is square with the 
object, and then rotated in its carrier plate until the object can be 
seen in the field of view. 

3. The coincidence is then made by turning the working head 
with the forefinger and thumb, observing the following points :— 

[а) The coincidence must be made in the centre of the field of 

view, the reason being that the lenses are most accurate 
when viewed through the centre. 

(б) The object must whenever possible be positioned at right 

atigles to the dividing line, as a coincidence made in this 
way is easier for the range-taker, and more accurate. 

(c) Use a well defined part of the object. 

(d) With a quick, firm movement of the working head, move 

the lower image until the same part of the object in the 
upper and lower fields of view touch the dividing line at 
the same point. 

(e) Do not dwell in making a coincidence or else the eye will 

become strained, and an imperfect coincidence will result. 

(/) When correct coincidence has been made, read the reading 
on the range scale, then break the coincidence just suffi¬ 
ciently to recognize that it is not correct, Do not break 
too far. It is not necessary to move the lower image 
away to the side of the field of view each time. (Fig 5.) 

(g) Make a series of ten coincidences in the above manner, 

ensuring that each coincidence is made from alternate 
sides—one from the right and then the next from the 
left. In order to make this a habit the range-taker 
should be reminded frequently during the early stages of 
his training to do this. At least four readings must be 
taken on to any object before a range is given. 

(h) Do not “ see saw,” that is, making a coincidence from one 

side and having taken it too far, bringing it back slightly 
to make it correct. The correct procedure is to cancel 
that coincidence and make it again. 


* 
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Fig 5.—Incorrect coincidence. 



# 


Note .—-Coincidence in centre of field of view. Wide object. 
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Reading the scale 


Instructor's Notes 


The squad will he told to study the range scale as the instructor 
gives out the graduations. 

4. The divisions on the range scale vary in size from 5 yards 
to 500 yards on the Mark 6 and 7 instruments. (For earlier Mark 
instruments, see Appendix G.) 


From 250 yards to 500 yards 

5 yards 

(a) 

From 500 yards to 1,000 yards 

10 yards 

From 1,000 yards to 2,000 yards 

50 yards 


From 2,000 yards to 5,000 yards 

... 100 yards 

(b) 

From 5,000 yards to 10,000 yards 

... 500 yards 



The infinity mark is indicated on the scale by means of a line and 
an asterisk thus “-*” 

The range scale should be read as accurately as is permitted by 
the size of the divisions at the point in use. 

Ranges are read as follows :— 

Up to 1,000 yards to the nearest yard. 

1,000 yards to 2,000 yards to the nearest 5 yards. 

Over 2,000 yards to the nearest 10 yards. 

The range scale window should be closed when a coincidence is 
made, as the light in the left eye will disturb the accuracy of the 
coincidence. The range scale can also be read through the front 
window for checking or testing the range-taker. 

Recording of readings 

Instructor's Notes 

The squad under instruction will .he divided into pairs , one acting 
as t( reader '' to the other , and changing over as necessary. The reader 
can check such points as the following :— 

[a) That readings are made from alternate sides , by watching the 
way the working head moves. 

(i b ) That the range-taker does not “ see saw ." 

(, c) That a firm and steady movement of the working head is made, 
(d) That when “ breaking " a coincidence he does not do so too 
far , etc. 

5. Explain to the squad that the reader will lie down facing the 
range-taker, and will raise the range scale window cover when each 
coincidence is made. He will check the readings called out by the 
range-taker, and will also remind him to make coincidences from 
alternate sides. 


6. After the first day or two of instruction the range taker will 
be taught to write down his readings as set out in the sprrimm 
page described in Section 1, B, para 14. 

At first, difficulty will be experienced in remembering from whit h 
side the last reading was taken, and in the initial periods on range 
taking, time may be lost in writing down each reading as obtained. 
The following two methods will be found helpful, the second met hod 
being the quicker :— 

before taking a series of ten readings, mark out each second 
line. The readings against the marks will be for coinci¬ 
dences made from the right. 

lake the coincidences in pairs, one right and one left, 
writing down the two readings after making the two 
coincidences. It should be quite easy after practice to 
remember the two readings, and this will considerably 
increase the speed in range-taking. 

7. Every reading, except the trial coincidences taken at the 
beginning of each series, will be written down in the range-taker’s 
book, by the reader at first, and later by the range-taker himself. 
No estimate of a range will ever be given unless the readings have 
been written down, added up and divided by the number of readings. 


LESSON 7.—ADJUSTMENT OF HALVING 
(Figs 7, 8 and 9) 

Instructors Notes 

This lesson should begin indoors as a short lecture using diagrams 
to explain correct and incorrect halving, and the method of adjusting. 

The squad will practise out of doors. 

The instructor should introduce the practical period by having three 
of the squad's instruments set up—one with the halving too high , one 
too low and one correct. The squad will look through each of these 
in turn , and will then be practised with their own instruments using 
flat-topped objects or crests. 

The clicking system in the halving adjustment of some instruments 
may not permit of an exact halving. [Marks 1 to 5.) 

1. It will sometimes be found that the same points of each image 
of an object do not touch the dividing line together, and a correct 
coincidence cannot be made. By turning the halving adjusting 
head, however, the upper image can be made to move up and down 
in the field of view, and this error corrected. 
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Fig 8.—Halving incorrect. Top image too low. 


Fig 7.—Halving incorrect. Top image too high. 


Fig 9.—Halving correct. 
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2. To correct the halving 

(a) Look through the instrument at the selected object md 
bring the bottom image, near to, and parallel to, the 
dividing line, ie, leaving a thin sky space between it m< 
the line. 

(M Turn the adjusting head until the top image shows the 
same amount of space between it and the dividing line 
as the bottom image. By turning the adjusting head 
clockwise, the top image is raised, and, counter clockwise, 
lowered. 

3. The halving is most easily checked and adjusted on a hat- 
topped object or a crest, and this checking must be done whenever 
the instrument is set up for taking ranges. If the halving is not in 
adjustment there will be considerable errors in the ranges taken, 
particularly in ranges to curved, irregular or small objects. Hence, 
the importance of always checking that the halving of an instru¬ 
ment is correct before taking ranges. 


LESSON 8—ACCURACY CALCULATIONS 
Instructor 1 s Notes 

This lesson will take the form of a lecture in which the squad, will 
see examples of both ranges and infinity readings worked out to 
determine the accuracy figure. This will be followed by a pent) of 
squad practice. To assist instructors to check the squads accuracy 
figures the Table of Values of r 2 or the RT calculator may be used. 
(Appendix D.) 

1. The accuracy of a range depends upon the instrument being 
in adjustment. The instrument will be thrown out of adjustment 
by various factors— 

(a) The weather— Sudden changes in heat and cold affect the 
instrument, so that although it may have been adjusted 
one day, it may be found to be out of adjustment the next. 

lb) Visibility.— This affects the range-taker, and makes it more 
difficult for him to make coincidence, therefore his series 
of readings will be less reliable. 

(c) The man.—A. range-taker will not be so accurate in his 
work if he is unfit, tired, uncomfortable or nervous. 

It will therefore be necessary to test the adjustment of the instru¬ 
ment whenever possible, either in training, or on active service. 
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2. The methods of adjusting the instrument are :— 

(a) By means of a known or true range. 

(b) By natural, or artificial infinity. 

The procedure for these methods is described in Lessons 11 
12 and 13. 

3. The Accuracy Figure (AF) is found by the formula 
AT7 MD 

= ^ 2 ~ 0 f XR where MD is the Mean Deviation and TR the 
True Range. 


Example — 


2350 

TR = 2386 

2360 

MOR = 2356 

2370 

MD = —30 

2350 


2360 

2340 

... af - ~ 30 

5*8 

2370 

2330 

= -5*2 

2350 


2380 

AF = —Sr 2 

10)23560 

MOR2356 



Note .—It is most important that the sign plus or minus is 
continued throughout the calculation until t he end as above. 


4. Accuracy Figure for Infinity Readings.— The readings 
are put down in sequence—all plus signs under each other, all 
minus signs under each other. A zero reading can be shown under 
either sign, as Z. 


Example 


i 

Ur 2 


8 

12 

4 

Z 

6 

-f-44/' 2 

—23 
10)+21 
MOR + 2*1 
.*. AF = +2r 2 


lr 2 

5 


2 


9 


-23 r 2 


I 
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In this case it will be seen that the readings are put down in 
terms of r 2 , as each division has a value of 10r 2 . 

The true range for infinity being zero, no formula is n< < t ,u \ 
as we are working in terms of r 2 . 

The importance of maintaining quantity signs + or - is again 
f emphasized, as unless the sign is known the MOR plus or minus 

cannot be determined. 




LESSON 9.—COINCIDENCE ADJUSTMENT 
(Fig 10) 

Instructor's Notes 

After the man under instruction has learned to calculate his accuracy 
on any of his series, he should be shown how to determine his Mean 
Accuracy Figure as a result of his day's work. It is better for him 
always, to work out his AF by calculation, and not to resort to the 
Table of Values of r 2 in this pamphlet. Backward men should be 
assisted in their calculations. 

Up to this stage in training all readings will have been obtained 
with the instruments set at zero. A detailed description of the Coinci¬ 
dence Adjusting Scale will be given before the squad make their first 
settings on their instruments (Fig 10). 

1. Owing to differences in eyesight, each man requires his own 
personal adjustment on any instrument, and owing to differences 
in instruments, he will require a different adjustment on each 
instrument that he uses. In addition, a man will require to vary 
slightly the adjustment which he uses on each instrument according 
to the weather conditions. 

2. Turning of the coincidence adjusting head alters the reading 
on the coincidence adjusting scale (Fig 10) and also moves the 
upper image along the dividing line. This has the effect of altering 
the mean observed range so that the range-finder can be adjusted 
to suit each individual man. 

An alteration of the coincidence adjusting scale by one division 
will make about 20 r 2 difference in the mean observed range, so 
that to produce an alteration of, say 2Ar 2 , it is necessary to move the 
24 

scale b y go = 1 ' 2 divisions. 


3-23833 
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3. To raise the mean observed range, the scale will be set at 
readings on the right of zero, and to lower it at readings on the left 
of zero. This can be memorized by the statement " Left to lower ” 
* "P * G raise/' In recording the reading on the scale, it is 
always necessary to have the figures reading the right way up 
as in Fig 10. 



Fig 10.—Coincidence Adjusting Scale (Mark 7) 


LESSON 10.—CALCULATION OF CONSISTENCY 
Instructor s Notes 

As soon as a man has learned to take readings and calculate his 
accuracy , and always before learning to adjust his instrument , he 
7mll be taught how to calculate the Consistency Figure of his series. 
This will be taught in the same way as the calculation of accuracy , 
except that the man will use some of his own series of readings , after 
seeing how consistency is determined by an example shown by the 
instructor. 

Do not labour consistency. It is possible for a man to be accurate 
although not consistent. However , it is probable that his consistency 
will improve in time with his accuracy. 

No effort should be made to bring down the consistency figure of a 
man whose accuracy figure is satisfactory. Each man should note 
the normal consistency figure with which he gets good accuracy. 

1. Consistency is the “ size of a group " of readings, and is the 
measure of that group expressed as a convenient small figure similar 
to the accuracy figure, but calculated on a different basis. To 
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determine the “ size of a group ” in a series, cadi n-‘dmg 1S com¬ 
pared with the mean observed reading, and the dittrrmrrs or 
“ residuals " are taken. The mean of the number of n suluals 
will give the figure which is used to determine the ( (insistency 
Figure by the following formula :-r 

MR (mean Residual) 

Consistency Figure = --« ™rvr:> 


It will be found that the normal consistency figure of a trained 
range-taker is about 5 r 2 in good conditions. This may vary slight I \ 
with different men, the standard set being in accuracy and not 
in consistency. In bad conditions, however, the consistency figure 
and the accuracy figure will vary. Any large variation in the 
consistency figure should warn a range-taker to suspect the accuracy 

of the series. . , . - , ., 

In the field, if there is sufficient time, such as m defence, the 
range-taker must work out the consistency of his series to discover 
the probable accuracy of the range. Conditions may exist where 
the ranges he takes are unreliable, and he must know whether this 
is so or not. 


2. Examples 

Range Scale 


Infinity Scale 

Reading 

Residual 

Reading 


Residual 

1850 

11 

+ 

Sr 2 

6r 2 

1840 

1 

6r 2 


8 

1880 

41 


4 

2 

1810 

29 


10 

8 

1840 

1 

2 


4 

1870 

31 

8 


10 

1850 

11 

Z 


2 

1810 

29 

Z 

2 

0 

1800 

39 


2 

1840 

1 


8 

6 

10)18390 

10)194 

+ 16r* 

—32r 2 

10)48r 2 

1839 

19*4= 


+ 16/ J 

MR=4-8r 2 . 

(MOR) 

(Mean 

10) —16r 2 

, CF=5r 2 

Formula CF= 
MR _ 19 

r 2 MOR 3-2 

residual) 

MR 

=6r 2 

MOR= 

-1*6 r* 
= —2r 2 



Notes on the infinity calculation 

(1) No formula is required as readings on the infinity scale are 
in terms of r 2 . 

(2) Quantity signs (plus or minus) are required until ihe MO I' 
determined. 


3A-23S33 
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(3) The MOR is taken to the nearest whole number (in this case 
—2 r 2 for — 1 -6r 2 .) 

(4) any difficulty is found in calculating the difference between 
the MOR and the readings with the opposite sign, or infinity itself, 
a diagram should be drawn of the range scale with an arrow at the 
position of the MOR. The distance of the arrow from the position 
of each reading should then be apparent. 





— (+) 


The above diagram shows that an MOR of — 15r 2 has been 
determined. Other readings can now be compared easily using this. 


LESSON 11.—KNOWN RANGE METHOD OF ADJUSTMENT- 
Instructor’s Notes 

This lesson will he given as a lecture , before the squad practise 
adjustment of their own instruments. Explain that either an unknown 
instrument, or their own instrument , can he adjusted accurately for 
the conditions of the day. Practice in adjusting unknown instruments 
can he carried out hy changing over instruments within the squad. 
Only for this part of the lesson is a change of instruments permitted. 

Ensure that the known range fulfils the requirements, and that the 
instruments are placed on the actual point from which the range has 
been measured, or within 12 yards on a line, at a measured right angle 
to the known range. & 

Requirements of a known range for adjustment 

1. A range to be used for the adjustment of the instrument must 
be known to within r 2 . Details of methods for finding these ranges 
and of calculating their accuracy are given in Appendix C. 

The point for the known range must be a clear straight-lined 
object and it is an advantage if it is on a sky line. 

The range must not be a short one ; the best results will be 
obtained from ranges between 2,000 and 3,000 yards. 

Given these conditions, a known range is preferred to infinity 
because the instrument is being adjusted at a range similar to those 
which it will be required to measure. 
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Method of adjustment with a known instrument 


2. {a) Procedure. — If a range-taker has been using his m i mi 
ment in training he will have determined by practice ;i suitable 
setting for the CAS of that instrument when certain conditions of 
temperature and visibility occur on any one day. With this sett mr 
on the instrument he takes a test series of ten readings. 


Example :—Test Series 


Date.17th May 1945. 


Temp.Warm. 

Visibility.Clear. 

Setting used.L. 1 *5 

Object.Adjusting the instrument Known Range Method. 

_ (KR 2185). 


2140 

TR 2185 

2060 

MOR 2120 

2150 

MD -65 

2080 


2140 


2070 

ATT ~ 65 

2170 

AF =T8- 

2090 


2100 

= -13-6 

2200 


10)21200 

.-. AF = — 14r 2 ' 

MOR 2120 

adjusting. 


instrument requires 


(h) To adjust. —If the accuracy figure is more than 5 r 2 of the 
true range, adjust by turning the coincidence adjusting head to 
compensate the error (see Lesson 9, para 2, page 21). 

20r a = -1 division 
— 14r 2 =0*7 division 


The coincidence adjusting head must therefore be turned to the 
right by 0*7 division from the previous setting. 

The previous setting used for the test series was L 1*5. 

The new setting to be used for a check series is L 0-8. 

(c) Check series. —A further series of readings is now taken 
with the new adjustment of L 0*8 divisions, and the accuracy 
figure is worked out to check the new adjustment. 


TR 2185 
MOR 2165 
MD -20 



—4r 2 


As the accuracy figure is below 5r 2 the instrument is in adjustment. 
The instrument has been adjusted. for that particular day, the 
correct setting being L 0-8 divisions. 
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Adjusting an unknown instrument 

3. When adjusting an unknown instrument the range-taker has 
no guide as to what the probable correct setting is for the instru¬ 
ment. 

Procedure.—The true range will be set on the range scale using 
the working head, and one correct coincidence is then made, but 
using the coincidence adjusting head. This will give an approxi¬ 
mate setting on the CAS and will ensure that readings in the initial 
series will not differ widely from the true range. 

He will then take a series of readings on to the known range, and 
if his accuracy figure for that series is 5 r 2 or less, his instrument is 
in adjustment. If it is over 5 r 2 , he will make the necessary adjust¬ 
ment as in para 2 (6). 

4. Turning the coincidence adjusting head may alter the halving 
which must therefore be checked and adjusted whenever the 
coincidence adjusting head is turned, before another series is taken. 

5. If large alterations are made on the CAS a difference of 20 2 
per division may not apply, so the instrument should be approxi¬ 
mately in adjustment using the method in para 3 above. 


LESSON 12—ADJUSTMENT ON NATURAL INFINITY 
(Figs 11 and 12) 

Instructor’s Notes 

This lesson should be given as a lecture first , using diagrams to 
explain the correct method of making a coincidence on the moon or a 
star. 

Practical adjustment will be carried out as convenient , beginning 
with the moon by day if possible. 

1. In the case of objects which are very far distant such as the 
moon and stars, the range-finder records the range as infinity. As 
infinity is marked on the range scale, the instrument can be adjusted 
on infinity in the same way as on a known range (see Lesson II, 
para 2). 

The range-finder must never be directed towards the sun, for both 
the instrument and the man's eyesight will suffer. 

2. Three divisions are marked above, and three below, the 
infinity mark on the range scale. The divisions below the mark are 
for plus readings and those above it for minus readings. Readings 
are noted as plus or minus from the infinity mark. (Mark 6 and 7 
instruments.) Each division represents 10r 2 . The mean reading 
is obtained by dividing the difference of the pluses and minuses 
by 10. This gives the MOR the divisions and, as each division is 
10f 2 , the accuracy figure is also given. 
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The Mean Observed Reading expressed to the nearest wlmlr 
number will be the Accuracy Figure for that series. 

Example :— 


6r 2 


2 

8 

Z 


+ 1 6r 2 


Sr 2 — 


4 

10 


2 

8 


-32 r 2 
+ 16r 2 
10)-1 6r 2 
MOR -L6r 2 
AF = — 2r 2 


(-) 

-* 

(+) 


Adjusting the instrument on the moon 

3. When the moon can be seen by day it is a very good object 
for adjustment, because in addition to the advantage of having 
daylight to work by, the instrument is being used at a temperature 
at which it will normally be used. 

Before coincidence is made halving of the instrument must be 
correctly adjusted, because on the curved edge an error in halving 
will make a considerable error in range. The range-taker must be 
most careful when testing his halving on the moon, because it is 
unlikely that an error will be noticed when there is nothing in the 
field of view but the moon itself. Halving can be. most suitably 
adjusted on the top edge of the moon. 

Making a coincidence 

Coincidence must be made on the clear outside edge of the moon, 
and not on the indefinite edge of a moon that is not quite full. 
(Figs 11 and 12.) 

If necessary the range-finder will be tilled, so that a portion of 
the clear edge is at right angles to the dividing line. 

Adjusting on a star 

4. In adjusting on a star, the astigmatizers must be used. 
Raising the astigmatizer causes both images of the star to become 
vertical lines, and coincidence is made much easier. Adjustment 
must not be made on a star unless the astigmatizers have passed 
the test laid down in Appendix A, otherwise they may not be 
accurate and there will be an error in adjustment. 














Fig 11.—Correct coincidence on full moon. 
(Note coincidence in centre of field of view.) 



Fig 12.—B showing correct coincidence on quarter moon. 

(Note coincidence made with instrument horizontal, and dividing 
line at right angles to tangent shown dotted in A. A is the moon 
as seen with the naked eye. B is the same moon seen through the 

instrument.) 

5. Adjustment on the moon is preferred to adjustment on a 
star, because, even if the astigmatizers have passed the test, there 
may still be a small error in them. 

Note.— (i) Care must be taken in making coincidence on a star. 

A lone star or particularly bright one, will save any 
confusion. 

(ii) For an unknown instrument zero will be placed on the 
infinity scale instead of a true range. 

LESSON 13.—ADJUSTMENT ON ARTIFICIAL INFINITY 
(Figs 13, 14 and 15) 

Instructor 1 s Notes 

This lesson will be given as a lecture , followed by practical 
adjustment. 

The squad will be practised first in setting up the lath and paralleling 
at short distances. Close supervision must be exercised over the laying 
out of the lath to ensure that it is paralleled accurately. 

1. The lath.—In the lid of the range-finder case there is a metal 
lath with two white lines on it. The distance between these two 
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white lines is the same as the base length of the instrument. so that, 
if each line is viewed through the corresponding window (Fig 13) 
the lines of sight will be parallel, and the apparent range will be 
infinity. To produce this effect (see Fig 14) the right line on the 
lath in the view from the right window (lower field) is made to 
coincide with the left line from the left window (upper field). The 
reading obtained on the range scale will be on the infinity scale. 

f - -80cmi- - -9| 


Fig 13.—Diagram showing how artificial infinity is created. 

2. The case must be set up at least 300 yards from the range¬ 
finder so that any small error in the length of the lath will have 
little effect. The greater the distance the better, but visibility 
will not normally allow the case to be more than 500 yards. 

3. The case must also be parallel to the range-finder, and it will 
be aligned in the following way. A handkerchief will be hung on 
one end of the range-finder, and the instrument turned so that the 
lath is in the centre of the field of view. The corners of the half- 
opened case, will be aligned by eye on the handkerchief, and the 
supporting rod dropped to hold the case open with the lath facing 
the range-finder. (Fig 15.) 

4. The lath must not be used for adjustment unless it has passed 
the test, given in Appendix A, which ensures that it is the same 
length as the base of the range-finder. 

5. The lath should not be used for adjustment if any of the 
other means are available, because a very small error in the length 
of the lath makes a considerable error in adjustment. On service, 
however, it is likely that the lath v/ill be the only means of adjusting 
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the instrument, which is available at all times, and it is sufficiently 
accurate if it has passed the test. 




I 

I 

Not /ess 
than 
ZOO yds. 
apart 




I P~ i iMi -f 


r ? 

Pieca of white materia/ 

Fig 15.—Diagram showing method of aligning case parallel to 

instrument. 
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LESSON 14.—ACCURACY CHARTS. 

(Fig 16) 

Instructor s Notes 

This lesson should be introduced as a lecture on the use of the chart. 

Men under instruction should then construct a chart for their own 
use , based on the mean daily accuracy figures obtained up to that 
stage. 

Requirements for this lesson will be pieces of graph paper , rulers , 
and pencils. 

1. Accuracy Charts are records of a man's daily progress in graph 
form. The chart records the accuracy of ranges taken by the~ 
range-taker, and the adjustment he used to obtain that accuracy. 
They also show the weather conditions for each day recorded. 

2. The information recorded on the chart (Fig 16) is :— 

(а) The name of the range-taker. 

(б) The number of the instrument. 

(c) Along the foot of the chart, the date, temperature, and 

visibility for each day. 

(d) The type of object to which the range was taken. These 

are classified into three types 

(i) No. 1. Easy straight-edged objects. 

(ii) No. 2. No definite straight edge (bush, bank, etc.). 

(iii) No. 3. Difficult service targets. 

(e) Near the top of the chart, between each vertical line, the 

coincidence adjustment setting used for that day. 

(/) The accuracy figure for each range, plotted in its position 

with regard to an accuracy scale on the left. 

3. An accuracy chart will be started for each man after the fourth 
day's work. 

4. Until a recruit range-taker has been taught to adjust his 
instrument by means of a single series, the accuracy figure plotted 
on his chart will be the mean of the accuracy figures of all ranges 
taken to known range points during one day’s practice. The 
figures plotted on the chart during these early days of training will 
be connected up by lines graph-wise. 

5. When the range-taker has been taught to adjust his instru¬ 
ment by means of a single series, a vertical line will be drawn down 
the chart. On the right of this line in the square for each day, the 
range-taker will plot in op the chart as a single point, the accuracy 
figures obtained when his instrument was in adjustment. These 
accuracy figures will always be within 5 r 2 plus or minus. These 
points are not connected up graph-wise, as each point recorded is 
a separate piece of information for that day. The setting which 
was used on the instrument to adjust it successfully will be put in 
at the top of the chart. This portion of the chart will be headed 
“ Settings after adjustment 
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6. At the end of a day's work a range-taker should insert his 
results on the chart. Only true ranges which have been accurately 
surveyed should be used in training, and the accuracy chart should 
be based on results obtained when practising on these ranges. 

7. These charts should be readily accessible to the men under 
instruction, as their value in giving information which is useful 
to the range-taker, is even greater than their value as a test of 
progress. 
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Fig 16.—Accuracy chart. 

Note. —The types of targets are numbered to represent :— 

1. Easy straight-edged objects. 

2. No definite straight edge (bush, bank, etc.). 

3. Difficult service targets. 
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LESSON 15.—THE RANGE-TAKER'S NOTE BOOK (AB 539) 
Instructor s Notes 

This lesson should be devoted to the use of a range-taker s note book. 
A. specimen page from the note book should be put up on a blackboard 
so that the squad can see the data which should be recorded. Emphasize 
the difference between the accuracy chart used in training and the 
note book used on service. 

The requirements for this lesson are AB 539 and a pencil for each 
man. 

1. Accuracy charts are valuable training aids to the range-taker 
and also to his instructor, but on active service they are impracticable 
as a record and a guide to coincidence adjustment setting. 

They should, however, be used throughout training and kept 
by the officer appointed to supervise the range-takers in the 
battalion. 

2. A small note book (AB 539) which fits into one of the pockets 
in the canvas cover, will be kept by each range-taker. In this book 
he will keep a record of his coincidence adjustment settings for all 
types of weather conditions. 

3. The note book is divided into four parts, so that the settings 
required for varying degrees of hot, warm, cool, and cold weather 
may be recorded in their respective sections. A sample page would 
read thus :— 


Warm 

Visibility 

CAS 

Remarks 

Date 


Setting 

10 . 6.45 

Clear 

L.1.2 

Adjustment on lath 

1100-1200 hrs. 

Warm sun and slight breeze. 

21 . 6.45 

Haze and 
Shimmer 

L. 1.5 

Adjustment on lath 

1400-1500 hrs. 

Very warm and sultry. 

Self, not too well. 

1 . 7.45 

Very clear 

Z.. 1.0 

Adjustment on moon by day 
(0800-0900). 

Warm conditions. 


4. Each page will be headed for the type of temperature con¬ 
ditions prevailing. There should be columns for the date, visibility, 
the CAS setting which gave correct adjustment, and a remarks 
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column. The remarks column can be used to record such useful 
information as :— 

{a) The method of adjustment used. 

(b) The time of the day adjustment was carried out. 

(c) An indication of weather conditions, recorded in such a way 

that similar conditions, when they occur, can be recognized. 

(d) The condition of the range-taker himself. 

The reference to visibility and weather conditions applies to the 
time at which adjustment was carried out. 

5. The CAS setting recorded will be the setting arrived at after 
adjusting to within plus or minus 5r 2 on a known range, natural 
or artificial infinity. It is very unlikely that known ranges could 
be obtained in the field, and therefore adjustment by natural or 
artificial infinity will be the methods used. 

6. It will be seen that unless a methodical record is made of the 
various settings obtained after adjustment, with notes on the 
existing conditions, the range-taker has no guide in the field as to 
the probable setting for his instrument. If he ipaintains a record 
as above, over a period, in any theatre of operations, he should 
collect a large number of settings for varying conditions of weather 
and visibility. These records will prove invaluable when adjust¬ 
ment by the normal method is impossible. 


LESSON 16.—RANGE CARDS. (AF B 2507) 

(Fig. 17) 

Instructor's Notes 

When practising squads in the construction of range cards the 
following sequence of instruction is suggested :— 

(a) Give the squad figures from which to construct a range card 

indoors and make certain all know how to make a neat and 
legible card before practising them out of doors. 

(b) Point out about six objects out of doors. One or two of the 

objects should be to the rear of the position and chosen in 
order to practise the man in the construction of an all-round 
defence card. The squad should fill in their pro-formas 
with the data required as described in para 2 below . 

(c) Move the squad back to a place under cover or indoors where 

they can make out a range card from the data obtained . 
(Explain at this stage that the range-taker should not remain 
in a forward , exposed position , except to obtain the data 
and ranges required. He moves back to a less exposed 
position where he has a reasonable chance of making out a 
good range card.) 
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1. The range card is printed and issued as AF B 2507. Its size 
is convenient for all infantry purposes and consists of a printed 
card marked with five equidistant circles, which can be used to 
represent any series of ranges up to The maximum range of the 
medium machine gun. Although a machine gun section may be 
sited to cover an arc in one direction, there will be occasions, 
especially in defence, where a range card which shows ranges for 
an arc of 360 degrees is required. It is, therefore, a practical 
application of the principle of all round defence to have in the 
section a range card giving the ranges to objects, both to the front 
and rear of the sited position. 

2. The method of obtaining the data for a pro-forma as a pre¬ 
liminary to the construction of the range card is as follows :— 

(a) After the receipt of orders from his section commander, the 

range taker will fill in on his pro-forma the points to which 
ranges are required. 

(b) Having reconnoitred for and decided on a position from 

which to take these ranges, also the number of readings 
to be taken on each object, he will choose a setting ray 
in the arc to be covered ; and one to the rear if he is to 
construct an all round defence card. 

(c) He then measures, by hand, the angle of each object right 

or left of the respective setting ray, and records that angle 
on his pro-forma. 

(d) When he has taken a series of readings on each object he 

will enter the results on the pro-forma. 


A suitable form is shown below :— 





Hand angle 

Setting ray 

Object 

Range 



Left 

Right 

White House 

Post 

1,285 yds 


9 

White House 

Lone Tree ... 

1,910yds 


5 

White House 

Gate 

1,710yds 

3 


White House 

Pylon 

2,390 yds 

8 

10 

Clump 

Clump 

Monument ... 
Hut . 

4 - 

1,000 yds 

1,580 yds 

5 
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3. The successive steps taken to fill in the range card are as 
follows 

(a) Choose and mark in the ranges for the circles. 



Point from which made out :■—MG position—Right of Barn 
Method of obtaining ranges :— Range-finder (good conditions) 

Made out by :— L-Cpl. Cooper Date 10 Feb 1947 

Fig 17—MG Range Card 

(6) Draw in the setting ray (or rays, front and rear, if required), 
which should, if possible, be directional. 

(c) Draw in a ray to each object, fanning out the rays to avoid 

undue crowding of the card. Having regard to the 
ranges selected for the circles, the length of each line 
should be made to correspond, approximately, to the 
range to the object. 

(d) On the left of the ray fill in the ranges, corrected to the gun 

position as found; and on the right of the ray fill in the 
name of the object. All writing should be in capitals 
and horizontal unless this will unduly crowd the card 
when the writing may be placed along the ray or in any 
other convenient position. 
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(e) Fill in the angle left or right of the setting ray at which the 
object lies. It will be found that inside the smallest 
circle is the most convenient place on the card for this. 
When drawing in the lines to the objects, if a small 
break is made in the line where it cuts just below the 
first circle the degree figure can be neatly inserted. 

(/) Fill in the data at the bottom of the card, as follows :— 

(i) The point from which made out. 

(ii) The method of obtaining the range, and include 

visibility at time of taking as a guide to the 
accuracy of these ranges. 

(iii) The name and rank of the range-taker and date 

on which the card was produced. 

LESSON 17.—DIFFICULT TARGETS AND CONDITIONS 

(Fig 18) 

Instructor s Notes 

To cover this advanced form of range-taker training a lecture 
dealing with difficult objects , abnormal and difficult conditions should 
be the first stage. Students should then be practised in taking ranges 
to curved and small objects at short and long distances. They should 
be questioned as to the method which they used to overcome the difficult 
coincidence. It may be. necessary to adjust a programme so that a 
period on taking ranges in light rain or mist can be carried out as these 
conditions occur. 

1. Where the object to which the range is required does not 
present a straight lined surface it will not be possible to make a 
coincidence in the normal manner. The enemy is unlikely to put 
himself near prominent straight lined objects, and the range-taker 
may very often have to take ranges as ordered by the fire controller 
on to difficult objects. 

In these cases, it will be necessary to choose a distinct mark on 
the object, and bring the two images of that mark so that they 
touch the dividing line in the centre of the field of view without 
actually cutting the line. This is called making a coincidence by 
symmetry of images as shown in Fig 18. 



Fig 18.—Showing coincidence by symmetry of images 
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A series of coincidences will be made in this way, alternately 
from right to left as before. This is where the importance of 
halving is brought out. The more accurate the halving adjustment, 
the easier and more accurate will be the making of coincidences. If 
the halving is not correct then it will very often happen that the 
upper image of the small or difficult object dips down beneath the 
dividing line out of sight before both images can be compared on 
the dividing line. 

Accuracy on these types of objects will not be so good as when 
a straight line is available, and also if the point selected is not very 
distinct. As a guide to the reliability of the range produced the 
range-taker should work out the consistency of his series as 
described in Lesson 10. 

2. Aids on the instrument.— A moderating glass is provided 
in the right eyepiece, which may be used to moderate very bright 
light, or to make the view clearer in mist. The range-taker may 
use it whenever he likes, and, if the light is unpleasant, he should 
try the coloured glasses to see which colour helps best. 

The glass has no appreciable effect on accuracy, but the more 
comfortable the conditions are for the range-taker the more accurate 
are his readings likely to be. 

The astigmatizers must be used for adjustment on a star, and 
for taking the range to a light at night. They can also be of assist¬ 
ance when taking the range to a light patch such as a white stone, 
or post, by day. If the range is required to an object on which 
there is no definite point to make a coincidence, the astigmatizers 
should be tried. It will sometimes be found that a mark on the 
object is drawn out into a light or dark line on which it is easy to 
make coincidence. Care must be taken that the line is formed by a 
mark on the required object, and not by some mark nearer or 
farther away. 

It will be found in tropical countries that there are many occasions 
when the astigmatizers are of use by day. 

3. Taking ranges in rain and shimmer. —Rain does not 
affect accuracy unless it is entering the front windows of the 
instrument. In these conditions it is impossible to obtain a reliable 
range, and the instrument must be protected by being used under 
the lee of a haystack, shed or building, or by improvising some 
form of shelter with a ground sheet, or in close country by branches 
and leaves. 

S himm er is the rising of hot air from the ground. It causes the 
two images to vibrate independently of each other, and it becomes 
very difficult to make a coincidence. 

When images, owing to shimmer, are not stationary, the only 
method of judging a coincidence is by deciding that the upper image 
moves the same amount to the right and left of the lower image. 

Shimmer occurs mainly when the line of sight is close to the 
ground on a hot day. It may be greatly reduced, particularly when 


( 
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caused by a near crest, by raising the instrument above ground 
level, on top of a post or vehicle, or by taking the ranges from a 
window of a house, roof of a building, or top of a haystack. 

Reasonable results w r ill normally be obtainable, but in some cases 
it may be impossible to obtain a reliable range. Where there is 
doubt, the consistency of a series must be worked out to discover 
whether the range is reliable or not. 

4. Taking ranges for moving objects.—It is impossible to 
obtain a series of readings to a moving object as the actual range 
alters between readings. It is also impossible to obtain a reliable 
range unless a series of readings has been, taken. 

The range should be obtained to some point near to which the 
moving object will pass, and the fire controller must be given this 
range in time to allow him to give an anticipatory fire order on this 
point. A prepared range card can be used for this purpose. 

LESSON 18.—CONCEALMENT AND POSITIONS 
Instructor's Notes 

This lesson should be introduced with a lecture dealing with the 
principles of camouflage and concealment with special reference to 
the range-taker and his instrument . 

A short demonstration , using about six fatigue men to show positions 
should follow the lecture. This should be followed by squad practice. 
Further practice can then be carried out , exercising the squad in 
different types of cover to take ranges to selected objects. The squad 
should be encouraged to use the steadiest position. Practise the squad 
in taking the same range both lying , and in some other position , and 
in working out the consistency of the two series to compare their 
probable accuracy. 

1. The range-finder is very difficult to conceal, because it must 
be set up so as to give a clear view from both windows, and, being 
a straight object, it is easy to see. 

The range-finder can sometimes be concealed behind a bush or 
a tree, with one window looking round each side. When this is not 
done, the background must be considered, and skylines particularly 
avoided. The straight line of the instrument, and the shape of 
the man's head and shoulders, must be broken up by attaching 
small pieces of bushes, grass or leaves along the instrument. The 
windows of the instrument must be left clear of foliage so that a clear 
view is obtained. Small pieces of string or elastic bands carried 
permanently round the outer tube will be found very helpful. It 
may be necessary for the range-taker to use the instrument at some 
distance from the section where suitable cover is found. The face 
veil is a very effective aid to camouflage when used, either draped 
over the instrument, or hung up on bushes on each side of a gap in 
cover to form a screen. It will be found that a clear view can be 
obtained through the netting even when it is 12 to 18 inches away 
from the instrument. 
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2. For reasons of concealment and accuracy, it is normal to 
adopt the lying position for obtaining ranges. This position should 
be used whenever possible, as it is the steadiest and most comfort¬ 
able. If this is not possible, the instrument may be used sitting, 
kneeling and standing. The telescopic stand will be found useful 
when a sitting position is adopted. The accuracy of a senes taken 
in a position other than the lying position is likely to be less than 
normal, and where there is doubt, the consistency of the series must 
be worked out to ensure that it is reliable. Whichever position is 
used, the stand of the range-finder, and the elbows of the range- 
taker must be rested, even if only on the range-taker s chest, and 
the instrument or the man's body or leg must be rested or steadied 
in the best possible way. 


LESSON 19.—FIELD DUTIES 
Instructor s Notes 

Whether the range-taker is in a MMG platoon , or in the 3-inch 
mortar platoon of an infantry battalion many of the field duties as given 
in para 2 below will be the same. 

Explain these duties first , by a short lecture indoors , followed by 
short exercises out of doors . The instructor should act as the section 
or detachment commander and give orders to take ranges to one or two 
of the class, while the remainder watch and criticise the actions of the 
range-taker. Exercises should be carefully worked out beforehand and 
should include the various roles for machine gun or mortar platoons, 
as the case may be. 

1. The field duties of the MMG platoon are given in Small Arms 
Training, Volume 1, Pamphlet No. 7, Part II, and those of the 
mortar platoon in Pamphlet No. 9. These deal with the sequence 
of field duties performed, and orders which are issued by platoon, 
section or detachment commanders. These duties are practised in 
headquarters training which is a preliminary stage to section and 
platoon training. The range-taker must have a thorough grounding 
in his own range-taker training before beginning field duties as part 
of a section or detachment. 

2. The range-taker is responsible for the following 

{a) Checking the adjustment of his instrument at frequent 

intervals by the best means available. 

(b) Ensuring that his astigmatizers and lath are in order, by 

putting them through the tests occasionally. (Appendix A.) 

(c) Writing down series in such a way that they can be checked 

afterwards, or the number of readings increased. 

(d) Knowing or asking the time available to take ranges. 

(e) Never give a range unless he has taken at least four 

readings, and found the mean on paper. 
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(/) Warning the fire controller when he suspects that a range 
is not accurate, due to a difficult target, or bad conditions. 
In such circumstances, he should calculate his consistency 
as a guide to the accuracy of his readings. 

(g) Giving all ranges as he obtains them. He will not give them 

to the nearest 50 yards, and will not correct them for his 
distance from the fire controller unless specially ordered. 

(h) Reminding the fire controller to correct ranges for the range- 

taker's distance from the gun position when necessary, 
by giving the range as “ so many yards from here " 
(his own position with the instrument). 

( i ) Observing fire effect, giving the fire controller the distance 

of the strike from the target, in yards for elevation, and 
in degrees for direction. 

Strike is reported as follows :— 

“ Strike on Target." 

“ No Strike." 

“ Strike 100 yards short." 

“ Strike 2 degrees right." 

“ Strike 2 degrees left and 100 yards high." 

If a fresh target is indicated, to which the range is not 
already known, he will obtain the range, giving it to the 
fire controller as soon as possible. 

(j) Making out a range-card whenever he has time, and giving 

it to the fire controller as soon as possible. In this case 
there is an exception to (g) above. The ranges on the 
card will be corrected for the position marked on the 
bottom of the card, which will normally be the gun position. 
The corrected ranges will be given as accurately as possible, 
and not to the nearest 50 yards. 

3. The range-taker should be practised in indicating objects both 
as seen by the naked eye, and as seen through his instrument,the 
latter to be recognized by the fire controller using glasses. . In 
certain circumstances it may be advisable to send the rangetaker 
under cover, after he has obtained the necessary ranges, both to 
protect a valuable man and instrument, and to hide the instrument 
from enemy observation. The instrument is, however, a very good 
telescope, and it may sometimes be an advantage to use the range- 
taker as an observer when no more ranges are required. 

4. Whenever possible, and especially to observe fire, some know¬ 
ledge of beaten zones is required, and the range-taker should be 
given every opportunity of practising observation of fire, during 
the firing of Parts III and IV of the Medium Machine Gun Course 
(War) and the Mortar Range Course (War) (see Small Arms 
Training, Volume I, Pamphlet No. 18). 
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5. The fire controller is at all times responsible for detailing the 
points to which he requires the range taken by the range-taker, as 
the fire controller is the one who is in the best position to do this, 
being more in the tactical picture. A range-taker should, however, 
take every opportunity, when not otherwise required for observation 
purposes, etc., to improve the arc of fire by taking ranges to other 
objects. 

Battle drill of the range-taker in a MG platoon or 3-inch 
mortar platoon 

6. Attack. —In the attack the range-taker in the MG section 
travels with the section commander and will invariably accompany 
him in his reconnaissance of a section area. He will be told 

(a) The arc of fire. 

(b) Points to which ranges are required. 

(c) The time available for taking ranges. 

(d) Where to report with the ranges. 

The range-taker obtains the ranges required while the section 
commander is making his reconnaissance. He should select a position 
for taking ranges which has cover, and yet is as near as possible to 
the section area. 

He should return in time to give the range to the first target as 
required, and he may then be ordered to complete a range-card, 
to observe fire, or to go back under cover. 

In the mortar platoon he is likely to remain with the platoon 
headquarters, and must be prepared to assist as a wireless operator. 
He is unlikely to be allotted to any particular detachment. 

7. Defence. —In defence the MG range-taker will construct a 
range-card. An extra range-card may be required for the riflemen 
of the section in the alarm post. If his section has relieved another 
section in its area, he is responsible for checking the ranges on any 
range-card which may have been handed over, if necessary by taking 
a fresh series himself. Range-cards should be improved and checked 
frequently. He wifi have to take his place on the duty roster. In 
the mortar platoon the range-taker may have to visit more than 
one mortar position with a view to preparing a range-card for each. 

8. Withdrawal.—The MG range-taker may have to take longer 
ranges than normal. If he accompanies the platoon commander 
or the NCO who is detailed to go back to an intermediate position, 
he may have to assist in the reconnaissance of two section areas, 
making out a range-card for the section whose range-taker is not 
present. 

9. Indirect fire (MG platoon).— One range-taker will be 
required at the OP by the platoon commander, while the other may 
be required on the gun line to take the range to a crest for the 
senior section commander. In addition, the range-taker at the gun 
line may be required to assist in laying telephone line from the 
OP to the gun line. 
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SECTION 3.—RANGE-TAKERS’ TESTS 
GENERAL 

1. A trained range-taker should work to an accuracy figure of 
Sr 2 in good conditions, and in training he should seldom be above 
16r 2 . On service, conditions are likely to be worse than in training, 
and an accuracy figure within 25r 2 will satisfy the machine gun 
fire control and safety rules. 

An examination of each range-taker’s accuracy chart will show 
whether he is normally within these figures> and if he is, he should 
be fit to undergo :— 

(a) The Test of Elementary Training. 

(b) The Classification Test. 

Range-takers should be tested twice a year at approximately 
six months’ interval in the above two tests. These tests are dealt 
with in detail in the respective paragraphs of this section headed 
A and B. 

2. Commands will assist in the arrangements for these range- 
taker’s tests. Application for survey of ranges should be made 
in sufficient time to allow the survey personnel to choose the most 
suitable time for their work, with regard to their own training 
programme. 

3. Methods of obtaining known ranges are given in Appendix G. 
The work should be entrusted only to an officer who can calculate 
the unavoidable errors in his figures, and a survey officer when 
asked to supply known ranges should always be required to state 
the maximum error of the ranges which he provides. 

4. All ranges found for tests should be carefully recorded in 
the form of a panorama, and retained by the unit adjutant or 
training officer. These testing ranges should not become known 
to men undergoing tests. The exact position on the ground from 
which these ranges were surveyed should be marked by a concrete 
slab or similar device. Ranges for tests should be taken from as 
sheltered a position as possible, the direction should not be towards 
the sun, and it is an advantage if the line of sight passes over a 
valley to avoid shimmer. 

5. Including the adjusting ranges, two ranges are required for 
the Test of Elementary Training and nine for the Range-taker’s 
Classification Test. If newly surveyed ranges are not available, 
both tests may be conducted with falsified ranges. These falsified 
ranges, and the method of using them, are given in Appendix F. 

A. THE TEST OF ELEMENTARY TRAINING 

6. Each range-taker should be tested during the individual 
training period under company arrangements. Recruit range 
takers should be capable of passing this test during their third 
week of training. A man may repeat the test until he passes. 
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Part 1. Oral test 

About five questions will be asked on care and cleaning methods 
of taking ranges, and adjusting the instrument, field duties, etc. 
The qualifying standard will be 60 per cent, and the man will be 
recorded as “ pass ” or “ fail . 

Part 2. The practical test 

The man will be shown two good straight line objects, both 
of them between 2000 and 3000 yards, in approximately the same 
direction. He will be told the true range to one of them. This 

range should be known to within r i . . , ■ , , . 

He will then adjust his instrument on the P° int t° which he has 
been given the range, and take the range to the other point. Th 

range should be known to within 2^ 2 . , 

The standard for “ pass ” or “ fail ” is that the man must produce 

a MOR which is accurate to within Sr 2 . 

The time allowed to adjust the instrument and take the range 
to the second object is 20 minutes. 

B. THE RANGE-TAKER’S CLASSIFICATION TEST 

7. This test will be supervised by an officer. In the niachnie 
gun battalion it will normally be earned out umter battalion 
company arrangements during suitable weather. Range-takers m 
infantr/ battalions may be tested under brigade or divisional 

^An^manwho fails to reach first-class standard may b ® re “ test ®^' 
and his qualification in any one year will be the highest that he has 
attained in the test or re-test. 

Preparation for the Classification Test 

8. At least two practice tests should be performed before classifi¬ 
cation to accustom the range-taker to the conditions of the test. 

One set of known ranges for the test is sufficient for any number 
of practices. The ranges must be accurate, however, and the 
tests should be conducted exactly as laid down. In order that 
the men may be tested by the instructor on one of these occasions, 
the test should be carried out :— 

(a) With ranges which are not known to the men. 

(i b ) With falsified ranges. 

9. Not more than 12 men will be tested at one time A separate 
base may be used for adjusting instruments, if this has been 

SU Each detail of 12 men should take about 50 minutes, or 35 minutes 
for details after the first, if a separate base is used for adjust me . 

10. The following stores are required for the test 

(а) Eight directors, or rifle aiming rests with rifles. 

(б) About 30 yards of rope for each base. 
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(c) Three stout pegs for each base to be marked. 

(d) One stop watch. 

(e) Record sheets according to the number of men to be tested. 

(/) Tape, 2 yards (for marking off the rope at 6-foot intervals). 

(g) Tabs or labels for placing on the directors or rifles. 

(h) Paper slips for Part I of the test. 

(i) Pro-formas for Part II of the test. 

11. The following ranges are required for the test:— 

Part I.—One range between 1,500 and 2,000 yards. 

One range between 1,000 and 1,500 yards. 

There must be at least 200 yards between the two objects. 

Part II. —For this test six objects are required—four of them 
may be natural or artificial objects with reasonably clearly defined 
edges, and two must be natural objects without clearly defined 
edges, such as a bush or a bank. 

The distances required are :— 

One object 800 yards to 1,000 yards. 

One object 1,000 yards to 1,500 yards. 

One object 1,500 yards to 2,000 yards. 

One object 2,000 yards to 2,500 yards. 

One object 2,500 yards to 3,000 yards. 

One object 3,000 yards to 4,000 yards. 

All six objects will be within an arc of 8 degrees. 

12. From the centre of the base, which must be the marked 
and surveyed point, a right angle to the centre of the arc containing 
the objects is measured and marked with rope. If a separate base 
is used for adjustment, this is laid out in the same way, at right 
angles to the line to the adjusting point. 

13. If any object used in the test is not within 4 degrees of the 
line at right angles to the centre of the base, then the range from 
each end of the base cannot be taken as being the same as the 
range from the centre, which is the surveyed point. 

Allowances will have to be made in the following way. (Fig 19) 

Mark from the centre of the base a line at right angles to each 
object which is more than 4 degrees from the centre line. Measure 
the distance from the end range-taker’s position to that line, in the 
direction of the object. This distance must be added to, or sub¬ 
tracted from, the end range-taker’s result before being entered on 
the record sheet. The correction will be the same for the two end 
range-takers, but in opposite directions, and will be in proportion 
for the other positions 5/6, 4/6, 3/6, etc., of the full correction. 

If corrections are made in this way, it is necessary to mark the 
position of each range-taker with a letter or a number, and to 
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ensure that each result handed in is marked to show the range 
taker’s position on the line. 



pig 19 .—Calculation of allowances for objects outside 4 degrees arc 
from line at right angles to centre of base line. These allowances 
will be added to or subtracted from the ranges obtained by the 
range-taker. 

Conduct of the range-taker’s classification test 

14. Immediately before the test, each man will be given un¬ 
limited time to adjust his instrument on a known range of between 
2,000 and 3,000 yards. The range to this object, which should 
have a well-defined straight edge, must be known to r 2 . 

The test is divided into two parts :— 

Part I—Reconnaissance test (attack). 

Part II.—Taking ranges for a defensive position. 
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15. Part I. 

(a) The object is to test the man's powers of recognition and 

ability to produce without delay reliable ranges on two 
natural objects which represent the position of own troops 
and enemy ; the objects to be indicated verbally. 

(b) Procedure : Two directors are laid on objects representing :— 

Enemy—Range between 1,500 and 2,000 yards. 

Own troops—Range between 1,000 and 1,500 yards. 
There must be at least 200 yatds between the two 
objects. 

The objects must be approximately in the same line and 
reasonably easy to recognize and range on. 

The men to be tested will set up their instruments on 
the testing base and stand up behind them. 

(c) The officer conducting the test will indicate the two objects 

verbally to the men undergoing the test. Before doing so, 
he will warn them that the indication wil not be repeated, 
and that any man who fails to recognize either or both 
objects from his indication may recognize them by means 
of the directors, no extra time being allowed. 

At the end of the indication the men will lie down behind 
their instruments and take the ranges without further 
orders. 

The time limit (timed from the end of the indications) : 
3 minutes. On completion of the test each range-taker 
will hand to the conducting officer the range “ Enemy ” 
and “ Own troops '' filled in on a prepared slip. 

16. Part II. 

(a) The object is to test the man's ability to obtain accurate 

ranges on a number of natural objects with a view to 
transferring the detail subsequently on to a range card. 
There is a restriction in the time available for obtaining 
these ranges. 

(b) Preliminaries. —Six directors will be laid on objects which 

fulfil the conditions for ranges given in para 11. Each 
director will be labelled with the name and appropriate 
description of the object on which it is laid. 

Each man's instrument will be set up on the testing site. 

(c) The test .—Each man will be given a specimen pro-forma 

and allowed sufficient time to recognize each object and 
fill in the necessary detail on his pro-forma. This detail 
will be a setting ray, selected by the man himself and hand- 
angle measurements to each object from the setting ray. 

The officer conducting the test will explain the following 
conditions before beginning :— 

(i) The range-taker will be given 20 minutes to takr 
ranges to the objects indicated by the six directors. 
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(ii) If a man forgets any object after the start signal has 

been given he will be permitted to look through the 
director again to recognize that object. No extra 
time is permitted for this. 

(iii) At the end of 20 minutes the man to be tested will 

hand in his pro-forma completed as in the specimen 
pro-forma. 


SETTING RAY—WATER TOWER ON SKYLINE 


Object 

Range 

(yards) 

Deg 

Left 

rees 

Right 

Post on track ... 

928 


3° 

Hut with tin roof 

1,310 


5° 

Small wood hut... 

1,785 


7° 

Bush on bank ... 

2,140 

2° 


Hedgerow , right end 

2,730 

3° 


Barn, left end ... 

3,420 

4° 











\ ■ 1 
; j 








1 






NAME . J. Hopkins , LjCpl. 

UNIT . 1 RNF 


17. Marking and classification 

(a) Men undergoing the test will be classified on the marking 
system as shown. Each of the eight ranges will be awarded 
points as follows :—• 

Test 10 points 5 points Minus 5 points 

Part I Within 1 5r 2 Within 2 5r 2 Over 25 r 2 

Part II Within 10r 2 Within 2 5r 2 Over 25r 2 
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(») 


Range-takers are classified as under :— 


Maximum points obtainable ... 

1st Class. 

2nd Class . 

Failed 


80 

... 65 points and over 
... 50 points and over 
... Under 50 points 




( 0 ) 


2nd Class and failed range-takers will be given an oppor¬ 
tunity for a retest on a subsequent date. 


(d) A man who obtains a 1st Class qualification is permitted to 
wear the range-taker’s badge (“ R ” in a wreath) as a 
skill-at-arms badge. 
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appendix a 

INSTRUMENT TESTS 

1 The two tests given below provide a means of testing the 
astigmatizers and lath in the field, and a range-taker must never 
adjust his instrument on a star, or on the lath unless he knows that 
his instrument will pass the appropriate test- these 

All trained range-takers must be capable of carrying out tne 
tests on their own instruments. If an instrument fails to p 
these two tests it must be returned to REME for adjustment. 

<2 The test of the astigmatizers. —Choose an object on which 
g„Sl"„dden» can be made with or without «*»*£?**—J 
in use Take a series of 20 readings, in pairs, alternately with 

tfS'S ASSIST with the astigmatizers should no. 
differ from the mean of the 10 readings without them, by more 
than 8r 2 of the MOR of the series taken without the astigmatizers. 
If the astigmatizers do not pass the test as a result of one series, 
a further series should be taken as a check. 

Example — 

A with astigmatizers MOR ... 1274 

B without astigmatizers MOR ••• 1262 

12 


12 12 _ _ 2 

Divide by r 2 of B = j. 3 r “ p7~ — ' 

o The test of the lath. —Adjust the instrument on a natural 
i„L."?moo„ by day). Set up ihe lath at about : 
the range-finder, great care being taken that it is parallel to tne 
base of tfie instrument. Take a series of ten readings on the lath. 
The accuracy figure should be less than lOr (one division). 

If Sath does not pass the test as a result of one series, a further 

series should be taken as a check. 

4 As in the adjusting of his instrument the range-taker should 
work out the consistency, of the series taken, to ensure that the 
results are reliable. 
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APPENDIX B 

EXAMINATION AND TEST OF RANGE-FINDERS 
, A. EXAMINATION 

1. This examination will be carried out periodically in the unit 
to ensure that instruments are free from such defects as can be 
ascertained without dismantling. It will also be carried out before 
the annual REME inspection of range-finders. 

2. Procedure 

(a) The canvas cover, stand and case should be in a serviceable 

condition. 

(b) Examine the lath adjusting to see that no damage or 

excessive wear has occurred. 

(c) Examine the range-finder to see that it is complete—no 

screws missing, etc.—and that there are no dents in the 
outer tube. 

(d) Uncover the end windows and direct the eyepiece towards 

the light. On looking into (not through) the windows, 
the optical parts should appear clean and unclouded. 

( e ) Mount the range-finder on the stand. The range-finder 

body should rotate freely in the rings of the carrier plate. 
(/) Direct the instrument to the sky, avoiding the sun, and 
focus the dividing line. The focusing adjustment should 
work smoothly. The upper and lower fields of view should 
appear clean and free from dust and filming. 

(g) Depress the instrument on to a distant object. The images 

in both fields of view should be sharply in focus. 

(h) The astigmatizers should snap in and out of action with a 

decided click. Place the astigmatizers into action. 
The fields of view should remain clear and without shadows. 
Objects in the upper and lower fields of view should not 
appear tilted. 

(i) The moderator disc and cover for the left eyepiece in 

Marks 4 and 5 instruments should rotate freely. The 
moderating glasses should click into position and they 
should be clear. In Mark 6 instruments the moderating 
glasses work with a lever. 

(j) The working head should move freely. It should be 

possible to feel a slight freedom between it and its pinion, 
which is mounted on the inner frame. 

(k) The coincidence adjusting head (Mark 3) should move in 

and out freely, and the coincidence adjusting head and 
halving adjusting head of all instruments except Marks 
6 and 7 should move with decided clicks. 

(/) Set up the lath adjusting at 300 to 500 yards (see Lesson 13). 
Adjust the range-finder on the lath. If the coincidence 
adjusting scale by the left window reads more than 
12 divisions from 0, the range-finder should be returned 
to REME for correction. 
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(m ) Should the range-finder be found defective in any way 

minor repairs and cleaning may be carried out by t 
armourer if workshop conditions and tools allow. 

(n) If repairs cannot be carried out by the armourer the instru- 
' ' meEt will be relumed to REME mth a label *notmg the 

defect. Detailed testing is carried out by REME alter 

repairs. 


B. THE INSTRUMENT TEST 
l Object.— To ascertain that the range-finder, when adjusted, 
will give ranges to the expected degree of accuracy. 

2. Range-finders on charge to a unit will be tested on e 

“wTmSSy tofore the annual EEME inspection. 

(b) At any time inaccuracy is suspected. 

3. The test must be carried out deliberately, and only under 
good conditions of weather and visibility. 

4 Each instrument will be tested by two quafflted ra *^-takers 

Netheravon, or at the Military College of Science. 

5. The following are the only tests to be carried out m the 

"“fcTsdect two easy targets-one about 1,000 yards and one 
between 4 000 yards and 6,000 yards. The ranges rom 
testing is done to these objects most 

be known to within r 2 . 

(6) Adjust the instrument on the longer range_ 
c Set up the lath adjusting (see Lessoni 13 Themean devia 
tion of a series of ten readings on the lath should D e 
within 10r‘- (one division). 

(d) Take a series of ten readings on the^ shorter range. 

mean deviation should be within Sr • . ■, -» 

(Note —The consistency of each series will be worked 

out to ascertain if it exceeds the 

figure of the man testing the instrument If it exceeds 
the normal figure the test is not reliable.) 

(e) Repeat the series on the shorter range ™th the astigigj ^ 

(f) “ Rough treato^ 0 ’’ 11 This 'comist^of shaking the instru- 

m S ■» hands wd.hou. dro = g or 

jarring. When this has been applied, test (d) should b 
repeated. 

Detailed tests to identify particular faults a f. 
tx aTW defect is noticed when the instrument is teste 
to pass any of the above tests, the instrument should 
to REME Y with a label attached giving details of the defect, 
the test the instrument failed to pass. 
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APPENDIX C 

DETERMINATION OF KNOWN RANGES 

1. Known ranges are necessary for the training of range-takers, 
and it must be ensured that they are known with sufficient accuracy. 
No known range should be used in training or in tests unless there is 
a record of how it was obtained, and of the maximum error. The 
maximum error must be :— 

(a) For adjusting the instrument—less than r 2 . 

(b) For testing the man—less than 2 r 2 . 

During the first stages of training, ranges may be used which are 
not so accurately known, but the maximum error must always be 
small compared with the error which the man may make. 

2. In general, the determination of ranges should be entrusted 
to Survey Sections of the RA or RE surveyors. If the range is 
obtained by methods other than Survey, it should be carried out 
by an officer who has some knowledge of the errors which he may 
expect to make. The methods of obtaining these ranges are 
described below. 

When known ranges have been surveyed or obtained by these 
methods a permanent record should be made in a book held by the 
units, showing the method by which they were obtained and the 
maximum error. The two ends of the range should be adequately 
described, and if necessary should be marked on the ground in 
some permanent way. 

3. Measurement by survey. —This is the best method and the 
most satisfactory for training, when military surveyors are avail¬ 
able. The accuracy required should be specified before the survey 
and the accuracy obtained must be given by the surveying officer. 

4. Measurement with the range-finder (3 methods). —The 

maximum error of a trained range-taker in good conditions on a 
good object immediately after adjusting his instrument is Sr 2 . 
This is not sufficiently accurate for practising other men, but greater 
accuracy may be obtained by the following methods :— 

(a) If a range is taken several times on different occasions the 
mean of all the series will be more accurate than one 
series. The following method of obtaining an accurate 
range for training or adjusting purposes will probably be 
the best, for the use of a unit rangQ-taker officer. 

The accuracy of a range increases as the square root of 
the number of series taken, so to obtain an accuracy of 
2 r 2 the mean of sixteen series must be taken. This 
accuracy of 2 r 2 is determined as follows :— 

As stated above, the accuracy figure of a trained range- 
taker after adjustment should not be more than Sr 2 . 
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The snuare root of the number of series is 4, so there is 
an improvement in the accuracy of the range of 5 times or 



By the same method, if 64 series are obtai^d the 
accuracy will be improved by the squareroot of64 (te 8) 
or 8 times more accurate, which would be r. it is 
emphasized that this must be with ranges obtaine y 
trained range-takers. 

“> ‘S”* shorter 

sections. 

n range is required of about *000 
this range was obtained in one distance, the “My error 
that a tfained range-taker might make, would be up to 

8 'tSe a ,r1Sn g 3 . 2 hS r rtg« in two halves would be 

smaller sections of 500 yards 
or even 2 ”S^a?d,. the error will be smaller wrth each 
section. 

of 2,000 yards taken in 4 sections of 500 yards. 
Error obtained=4 x8r 2 of 500=8 yards. 

Kye'^n theS^htrby taking a range in short 
sections^the likely error that a trained r^-.aker m.ght 
make in a long distance is considerably reduced. 

ThU meth«l Will only be possible on A*f^and 
when some means of ensuring that a stra g 
nhlpct is maintained between sections of the distance. 
For this a“ass bearing or flags laid out by a director 
S be necessary. Two trained range-takers should be 
used to take ranges in these sections. 

(e) A surveyed range may be increased or decreased by a distance 
of more than 250 yards. 

Example :— 

Tt ic nroDdsed to increase a known range of 2,000 yards, 
which has been surveyed to within 3 yards, by 500 yards, 
"he ground is suitable it is ,«fer.ble to e* end the 
hptse back from the datum point. This distance oi 
S00 vards can be obtained by trained range-takers, and 
SeS two should be used. The error that » hkely to 
be made should not be more than Sr . 
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To determine the error in the new range ob¬ 
tained :— 

Original range 2,000 yards (error made by survey= 
3 yards). 

Original range increased by 500 yards from base, error= 
2 yards (8r 2 of 500). 

Total error=5 yards. 

r 2 of 2,500=6*25 yards. 

.*. New range 2,500 yards is known to within r 2 . 

It is better to increase known ranges by this method 
than to decrease them. 

(d) Of the three methods described above, [a) will be the 
most normal, as it will only be necessary to collect the 
results of trained range-takers in their normal practice 
over a sufficiently long period, and a great number of 
ranges can be obtained in this way. It must be ensured 
that every series taken is by a trained range-taker, on a 
good object, and immediately after adjusting his instru¬ 
ment. 

5. Measurement by steel tape over flat ground. —This 
method of increasing or decreasing a known range by measurement 
using a steel tape is not accurate over long distances without the 
use of special instruments for maintaining a straight line. However, 
for distances up to 250 yards a steel tape of 66 feet or 100 feet can 
be used. The maximum error may be taken as the sum of the 
errors by survey on the original range and of the measurement by 
steel tape. The error in using the steel tape is not likely to exceed 
1 per cent. 

Example :— 

To increase a surveyed range of 2,000 yards (accurate to within 
3 yards) by 200 yards using a steel tape to measure the extension. 

Error in the surveyed range = 3 yards. 

Error in steel tape measurement = 2 yards (1 per cent, of 200). 

Total error in new range = 5 yards. 

As 5 yards is r 2 of 2,200—the new range is known to within r 2 . 

6. Calculation from map co-ordinates. —Measurement from 
a map is not sufficiently accurate for obtaining ranges known 
to within r 2 . The most reliable method is where the distance between 
two points, normally the datum point and the object to which the 
range is required (provided both are marked or can be accurately 
resected), is done by calculation. 

The distance between any two of these points is determined as 
follows:— 

Six figure co-ordinates for both the “ easting ” and the 
“ northing ” must be used. Subtract the east co-ordinates and 
subtract the north co-ordinates of the two points. The two figures 
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obtained are, in metres, the lengths of two sides of a nght-ang 
triangle- the third side is the range required, and this can be 
calculated and converted to yards. The maximum error, provided 
co-ordinates are determined exactly, and trigonometrical points 
used, will be less than 1 foot. 

A range found in this way may be altered by means of the steel 
tape and range-finder methods described in paras 4 (c) and 5. 

Example :— 

Points A and B are trigonometrical points which it is proposed 
to use as a known range for adjusting purposes. 

A is the datum point. 

B is the object to which the range is required. 

(i) Determine the east co-ordinate and the north co-ordinate 
for each point. Six figure co-ordinates for each easting 
and northing are required. 

Eastings Northings 

Point A. 456,447 169,969 

Point B. 458,635 168,268 

2,188 metres 1,701 metres 

Bv this comparison of co-ordinates the two sides of a 
right-angled triangle, which are 2,188 and 1,701 metres 
in length respectively, are found. The third side, the 
hypotenuse, has to be determined by calculation, using the 
Pythagoras theorem. 



In a right-angled triangle the square of the hypotenuse is equal 
to the sum of the squares of the other two sides : 

(ii) .-. To determine the third side in the above figure the 
procedure is as follows :— 

2,188 2 +1,701 2 =7,680,745. 

The square root of 7,680,745=2,771 -4 metres. 

(iiil To convert to yards accurately multiply by 1 -0936. 

' ; 2771 -4x1 -0936=3,031 yards to the nearest yard. 

(iv) The range from A to B determined by calculation is 3,031 
yards and this range is accurate to within r . 
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APPENDIX D 

TABLE FOR CALCULATING VALUES OF r 2 

1. All errors in range-taking are given in terms of r 2 , which is the 
square of the range in thousands of yards. The following example 
shows the method of calculation. 

Range, 1,700 yards, r 2 is 1 *7 x 1 *7=2*9 yards. 

20 

Error, 20 yards, which is ^ ? 2 > or 7r 2 . 

where the error given may be either a mean deviation (accuracy) 
or a mean residual (consistency). 

For convenience in working out accuracy and consistency figures 
in training, a table of “ values of r 2 ” is given in this Appendix, 
and a calculator is issued for the use of instructors, 

2. Instructions for using table of values of r 2 . —The range 
is given on the left of the table, the accuracy figure (AF) or con¬ 
sistency figure (CF) along the top, and the number of yards in the 
body of the table. 

Example :— 

(i) Required—14r 2 at 1,450 yards. 

At 1,450 yards 10r 2 is 21 yards. 

4 r 2 is 8 yards 
so 14r 2 is 29 yards. 

(ii) Required—the AF or CF for 99 yards at 2,750 yards. 

At 2,750 yards 76 yards is 10r 2 
remainder 23 yards is 3 r 2 

so 99 yards is 13r 2 . 

3. Use of range-taking calculator. —Set the “ r 2 ” arrow on 
the foot of the slide against the range. Then the AF or CF at the 
top of the slide will be opposite the number of yards on the upper 
scale of the rule. 

Example 

Range 2,120 yards (set arrow as near as possible). 

6r 2 (6 on the slide) is 27 yards (on upper scale) ; and 40 yards 
(on upper scale) is 9 r 2 (9 on slide). 
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VALUES OF r* 


r* 

itange — 

1 

2 

3 

4 

5 

10 

15 

20 

25 

600 

0 

1 

1 

1 

2 

4 

5 

7 

9 

50 

0 

1 

1 

2 

2 

4 

6 

8 

11 

700 

0 

1 

1 

2 

2 

5 

7 

10 

12 

50 

1 

1 

2 

2 

3 

6 

8 

11 

14 

800 

1 

1 

2 

3 

3 

6 

10 

13 

16 

50 

1 

1 

2 

3 

4 

7 

11 

14 

18 

900 

1 

2 

2 

3 

4 

8 

12 

16 

20 

50 

1 

2 

3 

4 

5 

9 

14 

18 

23 

1000 

1 

2 

3 

4 

5 

10 

15 

20 

25 

50 

1 

2 

3 

4 

6 

11 

17 

22 

28 

1100 

1 

2 

4 

5 

6 

12 

18 

24 

30 

50 

1 

3 

4 

5 

7 

13 

20 

26 

33 

1200 

1 

3 

4 

6 

7 

14 

22 

29 

36 

50 

2 

3 

5 

6 

8 

16 

® 23 

31 

39 

1300 

2 

3 

5 

7 

8 

17 

25 

34 

42 

50 

2 

4 

5 

7 

9 

18 

27 

36 

46 

1400 

2 

4 

6 

8 

10 

20 

29 

39 

49 

50 

2 

4 

6 

8 

11 

21 

32 

42 

53 

1500 

2 

4 

7 

9 

11 

22 

34 

45 

56 

50 

2 

5 

7 

10 

12 

24 

36 

48 

60 

1600 

3 

5 

8 

10 

13 

26 

38 

51 

64 

50 

3 

5 

8 

11 

14 

27 

41 

54 

68 

1700 

3 

6 

9 

12 

14 

29 

43 

58 

72 

50 

3 

6 

9 

12 

15 

31 

46 

61 

77 

1800 

3 

6 

9 

13 

16 

32 

49 

65 

81 

50 

3 

7 

10 

14 

17 

34 

51 

68 

86 

1900 

4 

7 

11 

14 

18 

36 

54 

72 

90 

50 

4 

8 

11 

15 

19 

38 

57 

76 

95 

2000 

4 

8 

12 

16 

20 

40 

60 

80 

100 

50 

4 

8 

13 

17 

21 

42 

63 

84 

105 

2100 

4 

9 

13 

18 

22 

44 

66 

88 

110 

50 

5 

9 

14 

18 

23 

46 

69 

92 

116 

2200 

5 

10 

15 

19 

24 

48 

73 

97 

121 

50 

5 

10 

15 

20 

25 

51 

76 

101 

127 

2300 

5 

11 

16 

21 

26 

53 

79 

106 

132 

50 

6 

11 

17 

22 

28 

55 

83 

110 

138 

2400 

6 

12 

17 

23 

29 

58 

86 

115 

144 

50 

6 

12 

18 

24 

30 

60 

90 

120 

150 

2500 

6 

12 

19 

25 

31 

62 

94 

125 

156 

50 

7 

13 

20 

26 

33 

65 

98 

130 

163 

2600 

7 

14 

20 

27 

34 

68 

101 

135 

169 

50 

7 

14 

21 

28 

35 

70 

105 

140 

176 

2700 

7 

15 

22 

29 

36 

73 

109 

146 

182 

50 

8 

15 

23 

30 

38 

76 

113 

151 

189 

2800 

8 

16 

24 

31 

39 

78 

118 

157 

196 

50 

8 

16 

24 

32 

41 

81 

122 

162 

203 
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Range 




r 2 



\ 



1 

2 

3 

4 

5 

10 

ii) 

20 

25 

2900 

8 

17 

25 

34 

42 

84 

126 

168 

210 

50 

9 

17 

26 

35 

44 

87 

131 

174 

218 

3000 

9 

18 

27 

36 

45 

90 

135 

180 

225 

50 

9 

19 

28 

37 

47 

93 

140 

f 

186 

233 

3 1 ' „ 

10 

19 

29 

38 

48 

96 

144 \ 

192 

240 

50 

10 

20 

30 

40 

50 

99 

149 

198 

248 

3200 

10 

20 

31 

41 

51 

102 

154 

205 

256 

50 

11 

21 

32 

42 

53 

106 

158 

211 

264 

3300 

11 

22 

33 

44 

54 

109 

163 

218 

272 

50 

11 

22 

34 

45 

56 

112 

168 

224 

281 

3400 

12 

23 

35 

46 

58 

116 

173 

231 

289 

50 

12 

24 

36 

48 

60 

119 

179 

238 

298 

3500 

12 

24 

37 

49 

61 

122 

184 

245 

306 

50 

13 

25 

38 

50 

63 

126 

184 

252 

315 

3600 

13 

26 

39 

52 

65 

130 

193 

258 

324 

50 

13 

27 

40 

53 

66 

133 

199 

266 

332 

3700 

14 

27 

41 

54 

68 

136 

204 

ii2 

340 

50 

14 

28 

42 

56 

70 

140 

210 

2$0 

350 

3800 

14 

29 

43 

58 

72 

144 

216 

288 

360 

50 

15 

30 

44 

59 

74 

148 

222 

296 

370 

3900 

15 

30 

46 

61 

76 

152 

228 

304 

380 

50 

16 

31 

47 

62 

78 

156 

234 

312 

390 


4000 


16 32 48 64 80 


160 240 


320 400 
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APPENDIX E 

APPARATUS, TRAINING RANGE-TAKERS 

1. This apparatus is designed to allow of the training of the range- 
taker indoors where outdoor facilities are not available. 

The apparatus consists of an arrangement of lenses and mirrors 
which allows a Jrange to be taken to any photograph, sketch or 
lantern slide, using an ordinary range-finder. 

The apparatus is very inaccurate, because the fitting of the slide 
or picture to the holder and the type of slide or picture used not 
only cause a large variation in the general range to the picture but 
also in the r?mge to different parts of the picture. 

The apparatus has a pointer which may be set to “ short,” 
“ medium ”]or “ long ” range, which can be set to give approxi¬ 
mately the range which it is desired to record. 

) 

2. The training on the apparatus should follow as nearly as 
possible the sequence laid down for outdoor work. 


3. In the first stages of training it will be sufficient to practise 
the range-taker in taking series without any testing, except that 
the instructor should sometimes check the readings of the range 
scale by looking through the left eyepiece. 

4. Owing to the inaccuracy of the apparatus, a known range is 
not available, but the adjustment of the range-finder can be 
practise^ in the following way :— 

(a) The range-taker takes a series of readings. 

(b) l]he instructor gives a true range , which is about 6r 2 to 15 r 2 

from the mean observed range. 

(c) T*he range-taker works out his accuracy figure, moves the 

coincidence adjusting head accordingly, and takes another 
series. The mean observed range should now be within 
5 r 2 of the supposed true range. 

Notes.—The range pointer on the apparatus must not be moved, 
and the slide or picture should not be touched between these two 
series. 

Coincidence must be made throughout not only on the same 
object but on the same part of the object. 

The adjustment found by this means will have no relation to the 
adjustment required to take ranges out of doors. 

5. When it is necessary to adjust the apparatus, this will be 
done by an armourer, assisted by a trained range-taker. Complete 
instructions for adjustment are contained in the pamphlet issued 
with each apparatus. 
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APPENDIX F 
FALSIFICATION TABLES 

1. Object. —The object of the tables is to enable a deliberately 
false adjustment to be put on the instrument. This will make the 
most accurate range-taker make a known error in the range to an 
object. 

Thus, known ranges are capable of almost infinite variation, and 
range-takers can be practised or tested on objects to which they 
may already know the true range. 

It should be realized that accuracy charts can only be kept on 
true ranges, and as many of these as possible should be available. 

2. Theroretical explanation. —The table shows the angle in 
seconds measured at the eye by the instrument—base length 
80 centimetres—magnification 14 diameters. 

If the angle on which the instrument is adjusted is altered by a 
certain number of seconds, all other angles that the instrument 
measures will be correspondingly altered. The insti ument will then 
obtain not true but falsified ranges. 

3. Practical explanation. —The first column shows the true 
range in tens of yards. 

The corresponding angle is shown in the next column headed 
Angle —thus 1,000 yards=2,526 seconds. 

So far the range has only been found to a multiple of 10 yards. 
The remaining columns headed by 1 to 9 yards are used to find the 
angle for a range correct to a yard. 

The last two figures of angle must be replaced by the pair of 
figures under its respective digit and opposite the tens of yards in 
question ; thus 1,006 yards=2,511 seconds. 

The figures relating to the hundreds of seconds are bracketed 
between bars—example: 1,011 yards=2,499 seconds. 

The alteration made for the adjustment must be maintained 
throughout the series and must not be divulged. 

The alteration in angle should be sufficiently large to ensure that 
the ranges are appreciably altered, but not so large as to give 
readings off the CAS adjustment. As a guide—10 r 2 is 24 seconds, 
and 40 seconds will alter the CAS adjustment by about 1 division. 

4. To use the tables 

(a) Find from the tables the angles measured at the true ranges. 

(b) Add or subtract the angle by which the series is to be altered. 

(c) Find in the tables the range corresponding to those angles. 

Example 

Surveyed range to first object 2,081 yards. Angle (from the 
tables) 1,214 seconds. 

Surveyed range to a second object 1,251 yards. Angle (from 
the table) 2,020 seconds. 
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The angle is to be increased by 100 seconds, ie :— 

1,214 plus 100=1314 ; and 
2,020 plus 100=2120. 

From the tables 1,314 seconds is the angle for 1,923 yards, and 
2,120 seconds is the angle for 1,192 yards. . 

The range-taker is now told that the range at which to adjust 
on to the first object is 1,923 yards. He should then produce 
1,192 yards as the range to the second object. 

RANGE-FINDER No. 12 


TABLE OF ANGLE AT THE EYE 


Range 

Angle 


1 

2 


3 

4 

5 

6 

7 

8 

9yards 

700 

36 

09 

04 f 

99 


94 

89 

84 

79 

74 

69 

63 

10 

35 

58 

53 

49 


44 

39 

34 

29 

24 

19 

14 

20 


09 

04 f 

99 


95 

90 

85 

80 

75 

71 

66 

30 

34 

61 

56 

52 


47 

42 

38 

33 

28 

24 

19 

40 


14 

10 / 

05 


01 

96 

91 

87 

82 

78 

73 

50 

33 

69 

64 

60 


55 

51 

46 

42 

38 

33 

29 

60 


24 

20 

16 


11 

07 

03 / 

98 

94 

90 

85 

70 

32 

81 

77 

73 


68 

64 

60 

56 

52 

47 

43 

80 


39 

35 

31 


27 

23 

19 

14 

10 

06 

02 

90 

31 

98 

94 

90 


86 

82 

78 

76 

70 

66 

62" 

800 


58 

54 

50 


46 

43 

39 

35 

31 

27 

23 

10 


19 

15 

11 


08 

04 

00 / 96 

92 

89 

85 

20 

30 

81 

77 

74 


70 

66 

62 

59 

55 

51 

48 

30 


44 

40 

37 


33 

29 

26 

22 

19 

15 

11 

40 


08 

04 

01 

/~ 

97 

94 

90 

86 

83 

79 

76 

50 

29 

75 

69 

65 


62 

58 

55 

52 

48 

45 

42 

60 

29 

38 

34 

31 


28 

24 

21 

18 

14 

11 

07 

70 


04 

01 / 97 


94 

91 

87 

84 

81 

78 

74 

80 

28 

71 

68 65 


61 

58 

55 

52 

48 

45 

42 

90 


39 

36 

32 


29 

26 

23 

20 

17 

13 

10 

900 


07 

04 

01 

r 

98 

95 

92 

89 

86 

82 

79 

10 

'll 

76 

73 

70 


67 

64 

61 

58 

55 

52 

49 

20 


46 

43 

40 


37 

34 

31 

28 

25 

23 

20 

30 


17 

14 

11 


08 

05 

02 / 99 

96 

93 

91 

40 

26 

88 

85 

82 


79 

76 

74 

71 

68 

65 

62 

50 


59 

57 

54 


51 

48 

46 

43 

40 

37 

34 

60 


32 

29 

26 


24 

21 

18 

15 

13 

10 

07 

70 


05 

02 , 

! 99 


97 

94 

91 

89 

86 

83 

81 

80 

25 

78 

75 ' 

73 


70 

68 

65 

62 

60 

57 

55 

90 


52 

49 

47 


44 

42 

39 

37 

34 

32 

29 

1000 


26 

24 

21 


19 

16 

14 

11 

09 

06 

04 

10 


01 

/ 99 

96 


94 

92 

89 

87 

84 

82 

79, 

20 

24 

77 

' 74 

72 


70 

67 

65 

62 

60 

58 

55 

30 


53 

51 

48 


46 

43 

41 

39 

36 

34 

32 

40 


29 

27 

25 


22 

20 

18 

15 

13 

11 

09 

50 


06 

04 

02 

f 

99 

97 

95 

93 

90 

88 

86 

60 

23 

83 

81 

79 


77 

75 

72 

70 

68 

66 

63 

70 


61 

59 

57 


55 

52 

50 

48 

46 

44 

41 

80 


39 

37 

35 


33 

31 

29 

26 

24 

22 

20 

90 


18 

16 

14 


12 

09 

07 

05 

03 

01 

/ 99 
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Range 

Angle 


1 

2 

3 

4 

5 

6 

7 

8 

9yards 

1100 

22 

97 

95 

93 

91 

89 

86 

84 

82 

80 

78 

10 


76 

74 

72 

70 

68 

66 

64 

62 

60 

58 

20 


56 

54 

52 

50 

48 

46 

44 

42 

40 

38 

30 


36 

34 

32 

30 

28 

26 

24 

22 

20 

18 

40 


16 

14 

12 

10 

08 

07 

05 

03 

01 / 

f 99 

50 

21 

97 

95 

93 

91 

89 

87 

86 

84 

82 

80 

60 


78 

76 

74 

72 

71 

69 

67 

65 

63 

61 

70 


59 

58 

56 

54 

52 

50 

48 

47 

45 

43 

80 


41 

39 

37 

36 

34 

32 

30 

28 

27 

25 

90 


23 

21 

20 

18 

16 

14 

12 

11 

09 

07 

1200 

21 

05 

04 

02 

00 / 

98 

97 

95 

93 

91 

90 

10 

20 

88 

86 

85 

83 

81 

79 

78 

76 

74 

73 

20 


71 

69 

68 

66 

64 

62 

61 

59 

57 

56 

30 


54 

52 

51 

49 

47 

46 

44 

42 

41 

39 

40 


37 

36 

34 

33 

31 

29 

28 

26 

24 

23 

50 


21 

20 

18 

16 

15 

13 

12 

10 

08 

07 

60 


05 

04 

02 

00 / 

99 

97 

96 

94 

92 

91 

70 

19 

89 

88 

86 

85 

83 

82 

80 

78 

77 

75 

80 


74 

72 

71 

69 

68 

66 

65 

63 

62 

60 

90 


58 

57 

55 

54 

52 

51 

49 

48 

46 

45 

1300 

19 

43 

42 

40 

39 

37 

36 

35 

33 

32 

30 

10 


29 

27 

26 

24 

23 

21 

20 

18 

17 

15 

20 


14 

13 

11 

10 

08 

07 

05 

04 

02 

01 

30 


00 / 

98 

97 

95 

94 

92 

91 

90 

88 

87 

40 

18 

85 

84 

83 

81 

80 

78 

77 

76 

74 

73 

50 


71 

70 

69 

67 

66 

65 

63 

60 

60 

59 

60 


58 

56 

55 

54 

52 

51 

50 

48 

47 

45 

70 


44 

43 

41 

40 

39 

37 

36 

35 

33 

32 

80 


31 

29 

28 

27 

26 

24 

23 

22 

20 

19 

90 


18 

16 

15 

14 

12 

11 

10 

08 

07 

06 

1400 


05 

03 

02 

01 / 

f 99 

98 

97 

96 

94 

93 

10 

17 

92 

90 

89 

88 

87 

85 

84 

83 

82 

80 

20 


79 

78 

77 

75 

74 

73 

72 

71 

69 

68 

30 


67 

66 

64 

63 

62 

61 

59 

58 

57 

56 

40 


54 

53 

52 

51 

50 

48 

47 

46 

45 

44 

50 


42 

41 

40 

39 

38 

36 

35 

34 

33 

32 

60 


30 

29 

28 

27 

26 

25 

23 

22 

21 

20 

70 


19 

18 

16 

15 

14 

13 

12 

11 

09 

08 

80 


07 

06 

05 

04 

02 

01 

00 i 

! 99 

98 

97 

90 

16 

96 

95 

94 

92 

91 

90 

89 

88 

87 

85 

1500 


84 

83 

82 

81 

80 

79 

78 

76 

75 

74 

10 


73 

72 

71 

70 

69 

68 

66 

65 

64 

63 

20 


62 

61 

60 

59 

58 

57 

56 

55 

53 

52 

30 


51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

40 


41 

40 

38 

37 

36 

35 

34 

33 

32 

31 

50 


30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

60 


19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

70 


09 

08 

07 

06 

05 

04 

03 

02 

01 

00 

80 

15 

99 

98 

97 

96 

95 

94 

93 

92 

91 

90 

90 


89 

88 

87 

86 

85 

84 

83 

82 

81 

80 

1600 


79 

78 

77 

76 

75 

74 

73 

72 

71 

70 

10 


69 

68 

67 

66 

65 

64 

63 

62 

61 

61 

20 


60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

30 


50 

49 

48 

47 

46 

45 

44 

43 

42 

41 
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Range Angle 
40 
50 
60 
70 
80 

90 14 

1700 

10 

20 

30 

40 

50 14 

60 

70 

80 

90 

1800 _ 

10 13 

20 
30 
40 
50 
60 
70 
80 
90 

1900 

10 

20 

30 

40 

50 12 

60 
70 
80 
90 

2000 

10 

20 

30 

40 

50 

60 

70 

80 

90 

2100 
10 11 
20 
30 
40 
50 
60 
70 


40 

31 

22 

13 

04 

95 

86 

77 

69 

60 

52 

44 

35 

27 

19 

11 

04 

96 

88 

81 

73 

66 

58 

51 

44 

37 

30 

23 

16 

09 

02 

96 

89 

82 

76 

70 

63 
57 
51 

45 

38 
32 
26 
20 
15 
09 

03 

’ 97 

92 

86 

81 

75 

70 

64 


1 

2 

3 

4 

5 

6 

7 

8 

9 yards 

40 

39 

38 

37 

36 

35 

34 

33 

32 

30 

29 

28 

28 

27 

26 

25 

24 

23 

21 

20 

19 

18 

17 

17 

16 

15 

14 

12 

11 

10 

09 

08 

07 

07 

06 

05 

03 

02 

01 

00 / 

99 

99 

98 

97 

96 

94 

93 

92 

91 

91 

90 

89 

88 

87 

85 

84 

84 

83 

82 

81 

80 

79 

78 

77 

76 

75 

74 

73 

72 

71 

71 

70 

68 

67 

66 

65 

65 

64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

55 

54 

53 

51 

50 

50 

49 

48 

47 

46 

45 

45 

43 

42 

41 

40 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

31 

30 

29 

28 

27 

26 

25 

24 

23 

23 

22 

21 

20 

19 

18 

17 

16 

15 

15 

14 

13 

12 

11 

10 

09 

08 

07 

07 

06 

05 

04 

03 

02 

01 

00 

00 / 

99 

98 

97 

97 

95 

94 

94 

93 

92 

91 

90 

90 

89 

87 

87 

86 

85 

84 

84 

83 

82 

81 

80 

79 

78 

78 

77 

76 

75 

75 

74 

72 

72 

71 

70 

69 

69 

68 

67 

66 

65 

64 

63 

63 

62 

61 

61 

60 

59 

58 

57 

56 

55 

55 

54 

53 

52 

52 

50 

50 

49 

48 

47 

47 

46 

45 

45 

43 

42 

42 

41 

40 

40 

39 

38 

38 

36 

36 

35 

34 

33 

33 

32 

31 

30 

29 

28 

28 

27 

26 

26 

25 

24 

23 

22 

21 

21 

20 

19 

19 

18 

17 

17 

15 

15 

14 

13 

12 

12 

11 

10 

10 

08 

08 

07 

06 

06 

05 

04 

04 

03 

02 

01 

00 

00 I 

1 99 

98 

98 

97 

96 

95 

94 

94 

93 

92 

92 

91 

90 

90 

88 

88 

87 

86 

86 

85 

84 

84 

83 

82 

81 

81 

80 

79 

79 

78 

77 

77 

75 

75 

74 

73 

73 

72 

72 

71 

70 

69 

68 

68 

67 

66 

66 

65 

65 

64 

63 

62 

61 

61 

60 

60 

59 

58 

58 

56 

56 

55 

55 

54 

53 

53 

52 

51 

50 

50 

49 

48 

48 

47 

46 

46 

45 

44 

43 

43 

42 

42 

41 

40 

40 

39 

38 

37 

37 

36 

35 

35 

34 

34 

33 

32 

31 

31 

30 

29 

29 

28 

28 

27 

26 

25 

25 

24 

23 

23 

22 

22 

21 

20 

19 

19 

18 

18 

17 

16 

16 

15 

14 

13 

13 

12 

12 

11 

11 

10 

09 

08 

08 

07 

07 

06 

05 

05 

04 

04 

03 

02 

01 

01 

00 

00 

/ 99 

98 

98 

CkO 

97 

96 

96 

95 

95 

94 

93 

93 


91 

91 

90 

89 

89 

88 

88 

87 

87 

86 

85 

84 

84 

83 

83 

82 

82 

81 

80 

79 

79 

78 

78 

77 

77 

76 

76 

75 

74 

73 

73 

72 

72 

71 

71 

70 

69 

69 

68 

68 

67 

66 

66 

65 

65 

64 

63 

63 

62 

62 

61 

61 

60 

59 


65 


Range 

Angle 

1 

o 

3 

4 

5 

6 

7 

8 

9 yard 

SO 


59 

58 

58 

57 

57 

56 

56 

55 

55 

54 

90 


54 

53 

53 

52 

52 

51 

50 

50 

49 

49 

2200 

11 

48 

48 

47 

47 

46 

46 

45 

45 

44 

44 

10 


43 

43 

42 

42 

41 

41 

40 

40 

39 

39 

20 


38 

37 

37 

36 

36 

35 

35 

34 

34 

33 

30 


33 

32 

32 

31 

31 

30 

30 

29 

29 

28 

40 


28 

27 

27 

26 

26 

25 

25 

24 

24 

23 

50 


23 

22 

22 

21 

21 

20 

20 

19 

19 

18 

60 


18 

17 

17 

16 

16 

15 

15 

14 

14 

13 

70 


13 

13 

12 

12 

11 

11 

10 

10 

09 

09 

80 


08 

08 

07 

07 

06 

06 

06 

05 

04 

04 

90 


03 

03 

02 

02 

01 

01 

00 

00 / 

99 

99 

2300 

10 

98 

98 

98 

97 

97 

96 

96 

95 

95 

94 

10 


94 

93 

93 

92 

92 

91 

91 

90 

90 

89 

20 


89 

89 

88 

88 

87 

87 

86 

86 

85 

85 

30 


84 

84 

83 

83 

82 

82 

81 

81 

81 

80 

40 


80 

79 

79 

78 

78 

77 

77 

76 

76 

75 

50 


75 

75 

74 

74 

73 

73 

72 

72 

71 

71 

60 


70 

70 

70 

69 

69 

68 

68 

67 

67 

66 

70 


66 

66 

65 

65 

64 

64 

63 

63 

62 

62 

80 


61 

61 

61 

60 

60 

59 

59 

58 

58 

58 

90 


57 

57 

56 

56 

55 

55 

54 

54 

54 

53 

2400 


53 

52 

52 

51 

51 

50 

50 

50 

49 

49 

10 


48 

48 

47 

47 

47 

46 

46 

45 

45 

44 

20 


44 

44 

43 

43 

42 

42 

41 

41 

41 

40 

30 


40 

39 

39 

38 

38 

38 

37 

37 

36 

36 

40 


35 

35 

35 

34 

34 

33 

33 

32 

32 

32 

50 


31 

31 

30 

30 

30 

29 

29 

28 

28 

27 

60 


27 

27 

26 

26 

25 

25 

25 

24 

24 

23 

70 


23 

22 

22 

22 

21 

21 

20 

20 

20 

19 

80 


19 

18 

18 

17 

17 

17 

16 

16 

15 

15 

90 


15 

14 

14 

13 

13 

13 

12 

12 

11 

11 

2500 


11 

10 

10 

09 

09 

09 

08 

08 

07 

07 

10 


07 

06 

06 

05 

05 

05 

04 

04 

03 

03 

20 


03 

02 

02 

01 

01 

01 

00 

00 / 

99 

§9 

30 

9 

99 

98 

98 

97 

97 

97 

96 

96 

95 

95 

40 


95 

94 

94 

94 

93 

93 

92 

92 

92 

91 

50 


91 

90 

90 

90 

89 

89 

88 

88 

88 

87 

60 


87 

87 

86 

86 

85 

85 

85 

84 

84 

83 

' 70 


83 

83 

82 

82 

82 

81 

81 

80 

80 

80 

80 


79 

79 

78 

78 

78 

77 

77 

77 

76 

76 

90 


75 

75 

75 

74 

74 

74 

73 

73 

72 

72 

2600 


72 

71 

71 

71 

70 

70 

69 

69 

69 

68 

10 


68 

68 

67 

67 

67 

66 

66 

65 

65 

65 

20 


64 

64 

64 

63 

63 

62 

62 

62 

61 

61 

30 


61 

60 

60 

60 

59 

59 

58 

58 

58 

57 

40 


57 

57 

56 

56 

56 

55 

55 

54 

54 

54 

50 

9 

53 

53 

53 

52 

52 

52 

51 

51 

51 

50 

60 


50 

49 

49 

49 

48 

48 

48 

47 

47 

47 

70 


46 

46 

46 

45 

45 

44 

44 

44 

43 

43 

80 


43 

42 

42 

42 

41 

41 

41 

40 

40 

40 

90 


39 

39 

39 

38 

38 

37 

37 

37 

36 

36 

2700 


36 

35 

35 

35 

34 

34 

34 

33 

33 

33 

10 


32 

32 

32 

31 

31 

31 

30 

30 

29 

29 
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Range 
20 
30 
40 
50 
60 
70 
.80 
90 

2800 

10 

20 

30 

40 

50 

60 

70 

80 

90 

2900 

10 

20 

30 

40 

50 

60 

70 

80 

90 

3000 

10 

20 

30 

40 

50 

60 

70 

80 

90 

3100 

10 

20 

30 

40 

50 

60 

70 

80 

90 

3200 

10 

20 

30 

40 

50 

60 


Angle 


29 

25 

22 

19 

15 

12 

09 

06 

02 


1 

29 

25 

22 

18 

15 

12 

08 

05 

02 


2 

28 

25 

21 

18 

15 

11 

08 

05 

02 


99 

96 
93 
90 
86 
83 
80 
77 
74 

71 

68 

65 

62 

59 

56 

54 

51 

48 

45 

42 

39 

37 

34 

31 

28 

26 

23 

20 

18 

15 

12 

10 

07 

05 

02 


99 

96 

92 

89 

86 

83 

80 

77 

74 

71 

68 

65 

62 

59 

56 

53 

50 

48 

45 

42 

39 

36 

34 

31 

28 

25 

23 

20 

17 

15 
12 
10 
07 
04 


99 

95 

92 

89 

86 

83 

80 

77 

74 

71 

68 

65 

62 

59 

56 

53 

50 

47 

44 

42 

39 

36 

33 

31 

28 

25 

22 

20 

17 

14 
12 
09 
07 
04 


97 

94 

92 

90 

87 

85 

82 

80 

77 

75 


3 

4 

5 

6 

7 

8 

28 

27 

27 

27 

26 

26 

24 

24 

24 

23 

23 

23 

21 

21 

20 

20 

20 

19 

18 

17 

17 

17 

16 

16 

14 

14 

14 

13 

13 

13 

11 

11 

10 

10 

10 

09 

08 

07 

07 

07 

07 

06 

05 

04 

04 

04 

03 

03 

01 

01 

01 

00 

00 

00 /' 

98 

95 

98 

95 

98 

94 

97 

94 

97 

94 

97 

93 

92 

91 

91 

91 

91 

90 

89 

88 

88 

88 

87 

87 

86 

85 

85 

85 

84 

84 

82 

82 

82 

82 

81 

81 

79 

79 

79 

78 

78 

78 

76 

76 

76 

75 

75 

75 

73 

73 

73 

72 

72 

72 

70 

70 

70 

69 

69 

69 

67 

67 

67 

66 

66 

66 

64 

64 

64 

63 

63 

63 

61 

61 

61 

61 

60 

60 

58 

58 

58 

58 

57 

57 

56 

55 

55 

55 

54 

54 

53 

52 

52 

52 

52 

51 

50 

50 

49 

49 

49 

48 

47 

47 

46 

46 

46 

46 

44 

44 

44 

43 

43 

43 


41 

39 

36 

33 

30 

28 

25 

22 

19 

17 

14 

12 

09 

06 

04 


41 

38 

35 

33 

30 

27 

25 

22 

19 

17 

14 

11 

09 

06 

04 


41 

38 

35 

32 

30 

27 

24 

22 

19 

16 

14 

11 

08 

06 

03 


40 

38 

35 

32 

29 

27 

24 

21 

19 

16 

13 

11 

08 

06 

03 


40 

37 

35 

32 

29 

26 

24 

21 

18 

16 

13 

11 

08 

05 

03 


40 

37 

34 

32 

29 

26 

23 

21 

18 

16 

13 

10 

08 

05 

03 


9yards 

26 

22 

19 

16 

12 

09 

06 

03 


96 

93 

90 

87 

84 

81 

78 

75 

72 

69 

66 

63 

60 

57 

54 

51 

48 

45 

42 

40 
37 
34 
31 
29 
' 26 
23 
21 
18 
15 

13 

10 

07 

05 

02 


02 

02 

01 

01 

01 

01 

00 

00 

uu 

1 99 

99 

99 

99 

98 

98 

98 

98 

97 

97 

96 

96 

96 

96 

95 

95 

95 

95 

94 

94 

94 

93 

93 

93 

93 

92 

92 

92 

92 

91 

91 

91 

91 

90 

90 

90 

89 

89 

89 

89 

88 

88 

88 

87 

87 

87 

87 

86 

86 

86 

86 

85 

85 

85 

85 

84 

84 

84 

84 

83 

83 

83 

83 

82 

82 

82 

81 

81 

81 

81 

80 

80 

80 

79 

79 

79 

78 

78 

78 

78 

77 

77 

77 

77 

76 

76 

76 

76 

75 

75 

75 

74 

74 

74 

74 

73 

73 

73 

73 
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Range 

Angle 

1 

2 

3 

4 

5 

6 

7 

8 

9 yards 

70 

73 

72 

72 

72 

72 

71 

71 

71 

71 

70 

80 

70 

70 

70 

70 

69 

69 

69 

69 

68 

68 

90 

68 

68 

68 

67 

67 

67 

67 

66 

66 

66 

3300 

66 

65 

65 

65 

65 

65 

64 

64 

64 

64 

10 

63 

63 

63 

63 

62 

62 

62 

62 

62 

61 

20 

61 

61 

61 

60 

60 

60 

60 

60 

59 

59 

30 

59 

59 

58 

58 

58 

58 

58 

57 

57 

57 

40 

56 

56 

56 

56 

55 

55 

55 

55 

55 

54 

50 

54 

54 

54 

53 

53 

53 

53 

53 

52 

52 

60 

52 

52 

51 

51 

51 

51 

51 

50 

50 

50 

70 

50 

50 

49 

49 

49 

49 

49 

48 

48 

48 

80 

48 

47 

47 

47 

47 

47 

46 

46 

46 

46 

90 

45 

45 

45 

45 

45 

44 

44 

44 

44 

43 

3400 

43 

43 

43 

42 

42 

42 

42 

42 

41 

41 

10 

41 

41 

40 

40 

40 

40 

40 

40 

39 

39 

20 

39 

38 

38 

38 

38 

38 

37 

37 

37 

37 

30 

36 

36 

36 

36 

36 

36 

35 

35 

35 

35 

40 

34 

34 

34 

34 

34 

34 

33 

33 

33 

33 

50 

33 

32 

32 

32 

32 

31 

31 

31 

31 

30 

60 

30 

30 

30 

29 

29 

29 

29 

29 

28 

28 

70 

28 

28 

28 

27 

27 

27 

27 

27 

26 

26 

80 

26 

26 

26 

25 

25 

25 

25 

25 

24 

24 

90 

24 

24 

23 

23 

23 

23 

23 

22 

22 

22 

3500 

22 

22 

21 

21 

21 

21 

21 

20 

20 

20 

10 

20 

20 

19 

19 

19 

19 

19 

18 

18 

18 

20 

18 

18 

17 

17 

17 

17 

17 

16 

16 

16 

30 

16 

16 

15 

15 

15 

15 

15 

14 

14 

14 

40 

14 

14 

13 

13 

13 

13 

13 

12 

12 

12 

50 

12 

12 

11 

11 

11 

11 

11 

10 

10 

10 

60 

10 

10 

09 

09 

09 

09 

08 

08 

08 

08 

70 

08 

07 

07 

07 

07 

07 

06 

06 

06 

06 

80 

06 

05 

05 

05 

05 

05 

04 

04 

04 

04 

90 

04 

03 

03 

03 

03 

03 

02 

02 

02 

02 

3600 

02 

01 

01 

01 

01 

01 

01 

01 

00 

00 

10 

00 

00 / 

99 

99 

99 

99 

99 

99 

98 

98 

20 

6 98 

98 

97 

97 

97 

97 

97 

97 

96 

96 

30 

96 

96 

96 

96 

96 

95 

95 

95 

95 

94 

40 

94 

94 

94 

94 

93 

93 

93 

93 

93 

92 

50 

92 

92 

92 

92 

92 

91 

91 

91 

91 

91 

60 

90 

90 

90 

90 

90 

89 

89 

89 

89 

89 

70 

89 

88 

88 

88 

88 

88 

87 

87 

87 

87 

80 

86 

86 

86 

86 

85 

85 

85 

85 

85 

85 

90 

85 

84 

84 

84 

84 

84 

83 

83 

83 

83 

3700 

83 

83 

83 

82 

82 

82 

82 

82 

81 

81 

10 

81 

81 

81 

80 

80 

80 

80 

80 

79 

79 

20 

79 

79 

79 

79 

78 

78 

78 

78 

78 

77 

30 

77 

77 

77 

77 

77 

76 

76 

76 

76 

76 

40 

76 

75 

75 

75 

75 

75 

75 

74 

74 

74 

50 

74 

74 

74 

73 

73 

73 

73 

73 

72 

72 

60 

72 

72 

72 

72 

71 

71 

71 

71 

71 

71 

70 

70 

70 

70 

70 

70 

69 

69 

69 

69 

69 

80 

69 

68 

68 

68 

68 

68 

68 

67 

67 

67 

90 

67 

67 

67 

66 

66 

66 

66 

66 

65 

65 

3800 

65 

65 

65 

65 

64 

64 

64 

64 

64 

64 

10 

63 

63 

63 

63 

63 

63 

62 

62 

62 

62 
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Range Angle 


1 

20 

62 

61 

30 

60 

59 

40 

58 

58 

50 

56 

56 

60 

54 

54 

70 

53 

52 

80 

51 

51 

90 

49 

49 

3900 

48 

48 

10 

46 

46 

20 

45 

44 

30 

43 

43 

40 

41 

41 

50 

40 

40 

60 

38 

38 

70 

36 

36 

80 

35 

35 

90 

33 

33 

4000 

32 



2 

3 

4 

5 

61 

61 

61 

61 

59 

59 

59 

59 

58 

57 

57 

57 

56 

56 

55 

55 

54 

54 

54 

54 

52 

52 

52 

52 

51 

50 

50 

50 

49 

49 

49 

49 

48 

47 

47 

47 

46 

46 

46 

46 

44 

44 

44 

44 

43 

43 

42 

42 

41 

41 

41 

41 

40 

39 

39 

39 

38 

37 

37 

37 

36 

36 

36 

36 

35 

34 

34 

34 

33 

32 

32 

32 


6 

7 

8 

9yards 

60 

60 

60 

60 

58 

58 

58 

58 

57 

57 

57 

56 

55 

55 

55 

55 

53 

53 

53 

53 

52 

51 

51 

51 

50 

50 

50 

49 

48 

48 

48 

48 

47 

47 

47 

46 

45 

45 

45 

45 

44 

44 

43 

43 

42 

42 

42 

42 

40 

40 

40 

40 

39 

39 

39 

38 

37 

37 

37 

36 

35 

35 

35 

35 

34 

34 

34 

33 

32 

32 

32 

32 


The table is compiled from the formula : 

1 x 14 x 20 ^— , where R is the range 

8 R 

2526746 


or 


R 
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APPENDIX G 

EARLIER MARKS OF INSTRUMENTS 
Range-finder No. 12, Marks 1 to 6 

The principal differences between the Mark 7 and the earlier 
Marks of instruments are as follows :— 

1. Outer tube. —Earlier marks have leather fairways for the 
carrying strap sewn to the canvas. 

2. Eyepieces. —The moderating glasses are operated by a 
revolving ring with a milled edge in the right eyepiece. In the 
Mark 6 pattern, a lever behind the right eyepiece operates these 
glasses. 

3. Rubber facepiece. —This is of single plain rubber and is light 
red in colour. 

4. Front range scale window. —The Mark 6 instrument has 
no hinged cover. 

5. Tube ends. —Until the introduction of Mark 6 instruments, 
tube ends were circular hollow castings slightly larger than the 
outer tube. Metal revolving ray shades ride over tHese castings, 
protecting the window when not in use in Mark 3 instruments only. 
The end caps are cased in rubber entirely. A locking piece seals the 
hollow castings to the end caps. 

6. Coincidence adjusting scale. —On the Mark 3 instrument 
the scale is engraved on the top of the left window as seen by the 
range-taker when looking down over the window (Fig 20). The 
pointer moves past the fixed scale when operated by the coincidence 
adjusting head. 

In this type of instrument the coincidence adjusting head lies on 
the rear of the left casting and is a pinion wheel beneath a sliding 
shutter which when-moved aside releases the pinion for use. A 
similar device protects and releases the halving adjusting head. 



Fig 20.—Coincidence Adjusting Scale (Mark 3) 
(Pointer moves) 
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Stands, Instrument, No. 14, Marks 1 and 2 

7 These stands consist of three fluted metal legs which are non- 
tele'scopic Them is no extension tube fitted to the centre piece 
The sSnd is carried in a leather frog which fits into the instrument 
22 then 2ot to use. When the instrument is earned m ,ts eover 
the stand is attached with the frog to the canvas strap on the lett 
of the cover. 


Range Scale Markings^-Marks 3, 4 and 5 Instruments 

8. The range scale graduations are as follows 
From 250 yards to 1,000 yards . 

From 1,000 yards to 1,500 yards . 

From 1,500 yards to 2,000 yards .50 y 

From 2,000 yards to 5,000 yards . ••• y 

On the infinity scale graduations above the asterisk are plus, and 
those below minus. 
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PLATE 3 



COINCIDENCE 
ADJUSTING MEAD (lE) 


HALVING ; ^*+*4 

ADJUSTING MEAD (IS) 


SOD BO FACEPIECE^*) 
LEFT EYEPIECE (3) 


RIGHT EYEPIECE ( 3 ) 
p-ODTEP TUBE(l) 

r TUBE ENDS (ft) 
END CAP (IE) 


EXTENSION TUBE (I?) 


detachable sling 

FOLDING HANDLE ( 6 ) 
WORKING HEAD (9) 
FOCUSSING LEYE» (5) 
CARRIER PLATE (£) 
TELESCOPIC LEG (18) 


SECURING STRAP 


Range-finder No. 12, Mark 7—Front view 


PLATE 4 



Range-finder No. 12, Mark 7—Rear view 


scale window (7) 

C A MEAD 

LEFT 

WfNOOW(U) 


ADJUSTING SCALE(l$) 

























72 RESTRICTED 

PLATE 5 



Case No. 12 Range-finder, Mark 4 
PLATE 6 



Range-finder No. 12 placed in canvas cover ready for packing 


PLATE 7 



Range-finder No. 12 packed in canvas cover 
Stand No. 14, Mark 3, in bucket 


C.B.H. 19461 - Wt. 35413 - Dd. 9276-2000-1/51 
21903 16447 3412-2000-8/52 
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DEFINITIONS 

Mean observed range (MOR) is the mean or average of a 
series of readings on the same object. It is found by dividing the 
total of the series by the number of readings. 

Mean deviation (MD) is the difference between the mean observed 
range and the true range to the object. It is recorded as plus or 
minus to one place of decimals, according to whether the MOR 
is above or below the true range. 

r is the range in thousands of yards, correct to one decimal 
place. 

Accuracy figure (AF) is a measure of th£ accuracy with which 
a range has been taken. It is found by dividing the mean deviation 
by r 2 of the true range. 

It is expressed in terms of r 2 and as plus or minus according 
to the MD. 

Formula AF = 

r 2 of TR 

Consistency figure (CF) is a measure of the consistency or 
“ size of the group ” of a series of readings. It is found in the 
following way:— 

Find the difference between the MOR and each reading ; these 
figures are the residuals . 

Divide the total of the residuals by the number of readings ; 
this figure is the mean residual. 

Divide the ipean residual by r 2 of the MOR; this gives the 
consistency figure. It is expressed in terms of r 2 . 

MR 

r 2 of MOR 



CF = 






































